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chapter 3 Preliminary suturing 

exercises 



Plan to spend 3 to 6 hours on the basic suturing 
exercises described in this chapter. Use the glove 
rubber practice card described in Chapter 1 (p. 12 ). 
Part of the purpose of these exercises is to learn 
basic suture passing and knot tying. An equally 
important purpose is to introduce you to good hand 
position and the avoidance of unwanted movement. 
In addition, you will gain valuable early familiarity 
* with the operating microscope. If you have not 

already worked through the important routine of 
getting comfortable and adjusting the microscope as 
described in Chapter 2. do so right now. 

THE AVOIDANCE OF The uncontrolled movements that arise from the 

TREMOR intended and unintended actions of your own body 

are spoken of collectively as tremor Ignore almost all 
you hear about the prospective microsurgeons need 
to avoid specific vices (see introduction). Such tales 
are irrelevant. Ignore also the notion that a fortunate 
few are "born with a steady hand." They aren't. 
Steadiness of hand is achieved by working at it. The 
prerequisites are a quiet mind, bodily comfort and a 
well-supported hand and instrument-holding position. 

POSITION OF HANDS In microsurgery, only the fingertips move. The rest of 

your hand must rest either directly or indirectly on an 
immovable surface. If it does not, unwanted 
movement will make your wo* impossible. 

Start by working in the "writing" position (Rg. 3-1), as 
this gives more stability than any other. Rest your 
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Fig. 3-1 

oTSTe S TEE ,he f 01 »» ha ™" 

on me rawe. The forearm should be supinated 
(knucwes away from you) a little so iSSHLrt of 
the hand is on the ulnar border How Z * W 0f 
exactlv a* v/n„ old the '"strument 

exactly as you hold a pen when writing (Fia 3-2) 

SSJT* lhUmb ^ ind6X and mldd ' e «4« fne 

rJSEr ,he towest member ° f «~dS? 

^pod that nolds the instrument-should rest firmf 



Fig. 3-2 

In arranging your threeKJigit grip on the instrument, 
bnng the thumb and index finger into contact with the 
underlying middle finger. You will then be able to 
open and close the instrument with very fine control- 
any tremor arising Irom the thumb or index finger will 
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be markedly diminished by their contact with the 
steady middle finger. 

The writing position described is the easiest to start 
with. Continue using it until the basic manipulations 
of suturing become easy. Variations and more 
freehand positions will come later. 

Whatever position you are in, you should never have 
to hold your whole body rigid to perform fine 
manipulations. If you find you are doing this or that 
you are holding your breath while you are working, it 
means that you are struggling to work with your 
hands in an unsupported position. 


CONTROLLING TREMOR 

WITH DRUGS 


Do not put your hands in a position where they bump 
into the thing you are working on. This produces a lot 
of unwanted movement — and microsurgery is 
basically a battle against unwanted movement! 

From this point on through the manual the 
instructions are given on the assumption that you are 
right-handed. If you are left-handed, kindly make the 
necessary translations. 

In the introduction, in Chapter 2, and in the section 
just ended, you have read some important advice on 
self-care, comfort, and hand position. By following 
this advice almost anyone can overcome the problem 
of unwanted movement well enough to do excellent 
microsurgical work. But not quite everyone. If you 
have an unusually high state of resting musde tone 
and if some aspect of the learning situation is making 
you anxious, you may still have a problem. You may 
become locked into a vicious cycle in which anxiety 
and tremor potentiate each other. In such a state you 
may be unable to achieve the early successes that 
would give you confidence and steadiness. If this is 
the case, I advise you as a short-term measure only 
to take a small dose of the highly effective 
beta-blocker propranolol (inderal) an hour before you 
practice. Be sure you get your physician's approval 
before doing this. After some successful sessions 
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HANDLING THE NEEDLE 
WITH THE NEEDLE. 

HOLDER 


GETTING HOLD OP THE 
NEEDLE WITH THE 


heed ) e 


'.r, e ^~°^ (N".3) * you, M 
lOOnnicron tai^ ^ " your ha "1- Use a 

i^^ss^ri " om - «• 

thread, needle— do not pull on the 

^^^^^^ 

Get bold of the thread with the toft h «w , 

point 2 to 3 cm awav fr Z * I^™ forceps at a 

away from the needle (Figure 3-3, 4). 
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Fig. 3-3, B . 


c 



Fig. 3-3, C 


white surface, or under the microscope. If the needle 
is still not pointing in quite the right direction, you can 
make minor corrections either by touching the needle 
with your left-hand forceps or else by partially 
relaxing your grip and nudging the needle tip against 
another firm object. You will soon learn that your 
needle is in a stable poisition if is it set up at 90° to 
the axis of the tips of the forceps (Fig. 3-4, A). The 
needle is unstable if its long axis deviates much from 
this position (Fig. 3-4, B and C). If you are using a 
flat-bodied microvascular needle, the problem of 
needle stability is not as severe. 

In addition to getting the needle to point in the right 
direction it is also important that you hold the needle 
at the right point along its length. If you hold it too 
near the tip (Fig. 3-5, A), it will point downward. If 
you hold it too near the thread end (Fig. 3-5, C), it 
will point upward. The needle tip should point 
horizontally, not upward nor downward. Therefore 
you should hold the needle just behind its midpoint 
(Fig. 3-5, 8). An upward-pointing tip only produces 
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Fig. 3-4 


inconvenience, but a downward-pointing tip produces 
a very real danger and you should strongly avoid it 
When you do an anastomosis, there is serious risk 
that the downward-pointing needle tip will go through 
not only the wall of the vessel that vou want to 
suture b ut also through the opposite wall. The result 
is a "through-stitch," which is one of the fundamental 
faults of anastomotic technique. 

Sometimes to get the needle set up in the right-hand 
forceps correctly, you will have to pass it from one 
instrument to the other. Whenever you do this, let go 
with one instrument as soon as you have it with the 
other. If you hold onto the needle with both 
instruments at once, you will easily break it. 

Whenever you start to pass the needle, get it set up 



Fig. 3-5 
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POSITION OF THE 
NEEDLE-HOLDER 


PASSING THE NEEDLE 
THROUGH TISSUE 


in the needle-holder pointing right in the fine it is 
intended to travel. Otherwise, you will find yourself 
trying to make a delicate and crucial adjustment just 
when things are getting difficult. 

The position in which you hold the needle-holder 
depends on the direction in which you are going to 
make your needle travel. In the natural "forehand" 
position, the needle-holding forceps is held with the 
tips pointing away from you and toward the left. This 
is suitable for passing the needle from top right to 
bottom left You must not restrict yourself to this one 
position, or your style will be confined to working 
under artificially easy conditions. As your initial 
practice sessions progress, you must rotate the 
direction of your suture line around the clock in order 
to learn the various positions (See Rg. 3-17). 

Changing direction is done partly by rotating the 
needle-holder around its long axis and partly also by 
altering the position of the hand. When the hand 
position is shifted, the main change is in flexion or 
extension of the wrist The position of the fingers 
stays relatively unchanged. 

Practice handling the needle in each rotation position 
of the needle-holder, and you will soon see that the 
needle can be made to point in just about any 
direction you want. Also, practice flipping the needle- 
holder quickly around from forehand to backhand. 
You will often have to do this whe n tying knots in 
order to pick up the thread easily. 

The needle should pass through the tissue 
perpendicular to the surface oTthe tissuaT o achieve 
this, the tissueedge must be everted a little to 
provide the distortion that is necessary (Fig. 3-6). 
Eversion is produced by placing the tips of the 
left-hand forceps on the underside of the tissue and 
gently pushing the tissue edge up into eversion while 
spearing the tissue with the needle simultaneously. 



Do not grab the thickness of the tissue between the 
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Fig. 3-6 

jaws of your left-hand forceps in order to bring it into 
the position you want This is a serious breach of 
atraumatic technique and should be avoided at all 
times, even on glove rubber. If you cannot bring the 
tissue edge up into eversion by the method 
recommended, two alternate methods are available. 
One is to pick up the next adjoining suture and lift it 
gently, which will often produce something 
approaching the desired effect. The other is to pick 
up not the thickness of the tissue but the surface of 
the tissue at a point a little distant from the actual 
tissue edge. This can be done with rubber, but it is a 
good deal easier to do with vessel wall tissue 
because there is always a little fibrous adventitia that 
you can pick up to produce the desired elevation of 
the vessel edge. 

The needle must also come out the other side as 
nearly perpendicular as possible. Put the tip of your 
left-hand forceps on the top side of the tissue just 
beyond the place where the needle is going to 
come through (Fig. 3-7). T hen when the needle 




Fig. 3-7 
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CHANGING 
MAGNIFICATION 


SJV""* ^-should be about three 
SlSTlfS k * ° f thS needte Tha ^ on 
other side, and your needle should cross the suture 
J~ not diagonaliy but exact* at right ang!£ (Fig? 



Fig. 3-8 

Do not feel at the outset that you have to put the 
needle .n one side and bring it out the other side ail 
m one movement. This will come after a little 

SS^ ^ ^ the needte mrou 9 n the first 
ade and bring rt out completely; then pass it through 
the second s.de as a separate maneuver. 

VVhenbringing the tenoth nf th„ « nrrrtfn 

through the tssues jer ft follow teWcT^ T^ 
IN9; 3-9. Pull itlhrough with two or threeshoTt, 

P °° " 0t to P"" » »"ough in one 

straight movement because this can cause gross 

dgortion of tissue and unnecgsa^yjnli^^ 
t he needle hole (F ig. 3-9^3)7" ~ -— 

When you have passed the needle through both 
s.des using high magnification, hold the needle in 
your left-hand forceps and pull the thread through 
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PULLING THE THREAD 

THROUGH 


Fig. 3-9 

Change to low magnification at this point so that you 
can see the end of the thread coming. 

Keep the thread parallel to the direction of the 
entry-exit line as it comes through, using the tip of 
Je nght-hand forceps as a guiding pu ,te y (Fig P 3 ? 0 
A). Th.s avoids damage to the tissue caused by 


t 
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^■9- 3-1 0, A 


angulation of the thread at the entry hole (Fig. 3-10. 
B). When the end of the thread comes into view, 


Fig. 3-10, B 
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stop pulling and let the needle drop. It is not 
necessary to see where it falls. The short end of the 
thread should be about 3 mm long. Get any 
redundant coils of thread completely out of your field 
of vision before you start tying the knot 

TYING KNOTS Learning to tie knots in fine nylon is one of the 

principal sources of frustration in learning 
microsurgery. When you see it being done by an 
expert, the movements are fluent, rapid, and 
effective. Yet when you first try it yourself you will 
encounter every kind of entanglement and 
exasperation. 


r\o NUXtftoTQ of 


^vvitLor fix; 

PICKING UP THE THR 

WITH THE LEFT-HAND 


Tying a knot consists of four separate actions, a nd 
each of these presents its own particular difficulties. 
First, the thread Is nicked up with the left-hand 
f orceps; second, a loop is made on the tip of the 
right -hand forceps; third, the short end of the thread 
is picked up with the right-hand forceps; and fourth. 
t he loop is pulled off the right-hand forceps and th e 
knot is tightened. 


ju passed the needle through the tissues from 



right to lef t, you now have on the right of the suture 
site a short end of thread and to the left of the suture 
site a much longer length of thread that disappears 
out of sight. Take hold of the longer length of thread 
with the tip of the left-hand forceps about 1 cm from 
the suture ate. The length of thread that now lies 
/^between your (eft-hand forceps and the suture site 
>^S^w\\\ be referred to as the "loop length." The loop 
length should be three times as long as the short 
end. 

When you pick up the thread with your left-hand 
forceps, pick it up so that the part that you are Qoinq 
to tie with, the loop length, comes out from the side 
of the forceps which is toward you (Fig, 3-7 1, A). 
This makes knot-tying ten times easier, if you have 
the loop length coming out from the side of the 
forceps that is away from you (Fig. 3-1 1, B) t then it 
is difficult to make it into a loop on the right-hand 
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Fig. 3-1 1 


forceps and. even when you succeed in doing this, 
the loop will constantly have an urge to fall off the 
forceps. If you start by picking up the thread with the 
left-hand forceps in the correct manner, these 
difficulties do not arise. 

MAKING A LOOP Having picked up the thread correctly in the left 

hand, it is usually ample to turn it in a single loop 
around the tip of the needle holder (Fig. 3-12). 
Sometimes this is done by winding the forceps 
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around the thread, and sometimes it is achieved 
more easily if the thread Is wound around the 
needle-holder. Most often a combination of these 
movements is used. 

Put the loop well onto the tip of the needle-holder 
and keep it loose. If it is too near the very end of 
the needle holder or if it is too tight, it will easily fall 
off. Do the loop making quite near to where the 
short end is lying; then you will not have to carry 
your loop any distance before you pick up the short 
end. 


PICKING UP THE 
SHORT END 


A final pitfall in loop making is that when the loop 
has been made and the needle-holder holding the 
loop has been opened, ready to pick up the short 
end, the loop can faJI off not both but just one of the 
jaws off the needle-holder, ending up between the 
two jaws. If you do not notice what has happened, 
and you go ahead and pick up the short end, you will 
find yourself in strenuous difficulties when you try to 
slip the loop off the right-hand forceps, because it will 
be caught between the jaws. 

If the short end sticks up in the air cooperatively, 
there is never any difficulty in getting hold of it with 
the needle-holder (Fig. 3-13, A to C). More often 
than not, however, certain difficulties will present 
themselves: (1) the end may be too short, (2) it 
may be at an awkward angle, (3) it may be hidden, 
or (4) it may be lying on a flat surface. When 
you encounter one of the above, do not make 
repeated similar attempts to pick it up. Look at the 
situation. Analyze the difficulty and take action to 
alleviate it Then go ahead and pick the end up — 
easily. 


There are specific ways to correct or avoid the above 
difficulties. 

If the short end is too short, pull it out longer. The 
usual reason for the end being too short is that you 
started out making the loop length too short and then 
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pujled some of the short end through when making 

If the thread rs at an awkward angle for your 
needle-holder to pick it up, (Fig. 3-14, A and B) turn 




«9. 3-14, A and B 
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the needle-holder around until it is at an angle where 
it will pick up the thread easily. It is a good deal 
simpler to make this change in the position of the 
needle-holder before rather than after you have 
made the loop. Therefore it pays to take a look at the 
short end and see how it is lying, before you start 
making your loop. Determine the best way to point 
your needle-holder so that you will be able to pick up 
the short end easily when the time comes. Put your 
needle-hofder into this position, then make the loop 
and then immediately you can pick up the short end 
without difficulty (Fig. 3-14, C and O). If you do it in 


Fig. 13-14, C and O 

this way, you will not have to accomplish an 
awkward change in the position of the needle-holder 
once you have made the loop. 

If the short end is hidden or if it is obstinately stuck 
by surface tension to a flat surface, get hold of the 
short end with both pairs of forceps and bend it 
vigorously into a tight right-angle kink. This kink will 
stay and will provide you with a place where the 
thread can easily be picked up. 

Often, when severe difficulties arise, it is wiser to 
drop your loop altogether and use both instruments 
to get the short end into a better position and then 
start the knot over again under friendlier 
circumstances. 


c 
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COMPLETING THE FIRST 

HALF KHOT 


THE SECOND HALF KNOT 


Once you have picked up the short end, pull it gently 
through the loop with the needteholder (Fig 3-13 c 
and D). 

« 

As you do so, allow the loop to fall off the tip of the 
needle-holder, and your first haJf-knot is made. Draw 
ft to a gentle but not final degree of tightness. 

Do not let go of the thread with the left hand. Hold 
on to it so you can go ahead and make the loop for 
the second half knot. 

In making the second half knot, the sequence of 
movements— making the loop, picking up the short 
end, and pullfng the short end through the loop— is 
repeated. Much of the exasperation of knot tying )C 
arises from trying to pick up the short end from a 
position of disadvantage (Fig. 3-14, A and 3). This is 
an even greater problem with the second half knot 
than with the first. Do two important things before 
you make the loop: first, turn the needle-holder and 
point it in a direction that will make it easy to pick up 
the short end (Fig. 3-14, C). Second, put the jaws of 
the needle-holder near the short end so that once 
you have the loop made, you will not have to make a 
long journey with the needle-holder to pick up the 
short end. Don't make the loop until the 
needle-holder is correctly poised. When you make 
the loop, bring the loop to the needle-holder, not vice 
versa. Then you can go straight to picking up the 
short end without a struggle, without turning the 
needle-holder around, and without making a journey 
(Rg. 3-14, 0). The first hundred times you pick up 
the short end you will have to think hard about this. 
After that it will start to become automatic and you 
will forget what it was that you ever found difficult 

Having picked up the short end, pull it through the 
loop and the second half knot is made. Tighten the 
completed double knot, bringing it- by eye, not by 
feel— to the degree of tightness that just brings the 
tissue edges into contact 


Preliminary suturing exercises 3 7 



QZ'<* Wll-ZOt 929 jewoisnQ pen|eA 


Fig. 3-15 
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The little circle of suture material enclosed within the 
tis sue should remain visile (Fig. 3-1 5, A). If it 
disappears you have overtightened the knot and 
traumatized the tissue. 


SLIDING THE KNOT 
' TIGHT 


0\< V\GT- 



If the tissue edges are a little unwilling to come 
together, tightening the second half of the knot 
requires particular care. Two things must be done: 
first, the tissue edges must be brought together, then 
the knot must be locked. If the knot lock s 
prematurely, before the tissue edges areloqethe r 
(Fig. 3-15, C), the suture is useless. ~— — 

There is a useful way of finally tightening the knot, 
which ensures that the tissue edges are brought 
together to just the right extent before the knot is 
finally locked. Start with both halves of the knot 
completely loose (Fig. 3-16, A). Pull steadily out to 



Fig. 3-16, A 
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one side on the short end only, keeping the long end 
slack (Fig. 3-16, S). The first half of the knot will 



Fig. 3-16, B 


progressively tighten, while the second half stays 
loose. Now, keeping up the pull on the short end. 
draw the other thread right across to the opposite 
side of the suture line and pull on it (Fig. 3-16, C); 
the second half of the knot will come tight. 



Fig. 3-16, C 


HOW MANY HALF- 
KNOTS? 


Always use one extra half-knot for security, even 
when your first two have resulted in the best possible 
square knot. 


If you used the sliding maneuver, your first two 
half-knots will give you "one straight thread and two 
half-hitches." For security this should be followed by 
two more half-knots. 


RETRIEVING THE NEEDLE 


You can be sure of retrieving the needle, wherever 
you left it, if you cut the suture ends in the right 
order. Cut the short end first and discard it. Then 
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hold onto the long thread and cut it close to the knot 
Without letting go of the long thread, pull on it, and 
the needle will come into view. 


PROGRESSION OF 
EXERCISES FROM EASY 
TO DIFFICULT 


The suture ends should be cut short and neat If the 
ends are too long, they will get mixed up with the 
next suture. If you have made a neat square knot 
your two thread ends will lie at right angles to the 
incision line and will not tend to stick down through 
the gaps into the lumen. 

You should try to place two sutures per millimeter in 
initial practice exercises. 

To make things easy for yourself at the outset you 
should first arrange the work so that the incision runs 
from top left to bottom right (Fig. 3-1 7, A). This 





Fig. 3-17, A 


enables you to hold your needle holder in the most 
comfortable and natural position. When you can 
suture easily in this position, turn the practice sheet 
around so that the incision crosses your field of 
vision horizontally (Fig. 3^17, B). In this position you 
have to both rotate your instrument counterclockwise 
in your hand and also flex your wrist a little to pass 
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Fig. 3-17, ft 


the needle in the right direction. The next exercise, 
which is slightly more difficult, is to arrange the 
practice sheet so that your incision crosses your field 
of vision vertically (Fig. 3-17, C). Here you have to 
rotate the instrument clockwise and extend the wrist 
somewhat to get the right direction of movement 



Fig. 3-1 7, C 


Finally, when you find all these positions easy, go on 
to the most difficult of all, which is with the incision 
passing from top right to bottom left (Fig. 3-17, D). In 
this "backhand" position, it is best to hold the needle 
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TOUCHING YOUR HANDS 

TOGETHER 


Fig. 3-17, O 

holder with its points toward you, have the needle 
pointing backward, and suture away from yourself. 

When you are ready to attempt a more freehand 
working position, you must learn to work with your 
hands touching together. This is a useful way of 
diminishing unwanted movement when no hand 
support is available beyond the wrist Touch the 
extended middle or ring fingers of each hand 
together with moderate pressure (Fig. 3-18). Then 



• ■ • ■ 


Fig. 3*18 
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TYING A SURGEON'S 

KNOT 


-1 

5 






SUTURING WITH YOUR 

LEFT HAND 


rest your instrument-holding digits on the fingers that 
are touching. 

To learn finger-touching you must be persistent. You 
may find that it feels unnatural and cramped at first 
Most people do. Do not give up. After a few hours of 
mild discomfort, your hands will relax in their new 
relationship and you will have acquired an important 
extension of your skill. 

In microsurgery, suturing under tension is often 
condemned, and rightly so. Stilh there will be many 
times when you have to overcome the natural elastic 
retraction of tissues as you suture. For this, a 
su rgeon's knot w ith a double throw on the first half 
knot is very useful . To cast a double loop g ive 
yourself an extra long loop length to work with. Place 
pe double loop on the needleholder a long way from 
e tip to guard against its natural tendency to spring 
the instrument. Once you can easily make a 
double loop you will find the surgeon's knot rather 
more secure and predictable in Hs action than the 
sliding maneuver shown in Fig. 3-16 (the only 
advantage of which is thai the sliding maneuver lets 
you avoid double-looping when you are starting out). 

There are rare but critical moments in microsurgery 
when your right hand has no way of passing the 
needle in the direction you want it to go. In 
preparation for such moments, do a little suturing 
with the roles of your hands reversed and learn to 
respect the competence of your left hand. It is not a 
stupid hand, in fact, with a little encouragement and 
praise you can get it to do almost anything. 
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nary suturing exercises 
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Plastic Surgical Technique 

4 


The subject of surgical technique is extensive and obviously cannot be covered in one 
chapter. Instead, this discussion will focus on my own approach to the treatment of 
wounds and the instruments and sutures I find most useful. No doubt the preferences of 
other surgeons will differ from mine. I can only point out that the techniques touched 
upon here have worked well for me [32]. 

So-called plastic surgery of a skin wound is nothing more than the suturing of a wound 
with diligent and meticulous care. The plastic surgeon aims at perfection and does not 
care so much about the time involved to obtain it. Nevertheless, for a surgeon of training 
and experience, the difference between the time taken to suture a wound carefully and 
to suture it carelessly is almost negligible. 

It is critically important to know one's limitations, to know how much can and cannot 
be accomplished in obtaining a satisfactory scar. Then the patient can be told what to 
expect The limitations imposed by factors not within our control have already been dis- 
cussed in the chapter on scar prognosis. Here, without reference to these factors, the role 
that proper surgical technique plays in a good operative result will be evaluated, keeping 
in mind the reservation that even the finest technique cannot entirely undo the damage 
of injury. 
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Operative Positioning and Illumination 

The patient should be placed on the operating table in a comfortable position. The 
knees should be elevated, especially in prolonged surgical procedures (facelift, for ex- 
ample), in order to prevent postoperative backaches. 

Illumination of the operative area should be adequate and perpendicular to the region 
where the operation is to take place. Oblique or tangential lighting will cast shadows by 
the surgeon's and assistants' heads and hands. 

When operating on the head or extremities of a patient, the surgeon should sit down. 
"Never stand when you can sit down/' Gillies advised [84]. A seated position makes 
one's work less tiring. If the surgeon's feet are on a stool, he will thus brace himself fur- 
ther, his whole body will be better balanced, and he will gain more control of his delicate 
movements. A comfortable working position improves accuracy and reduces fatigue. 


Instruments 

The basic plastic surgical set of instruments most often used in the surgical closure of 
wounds, scar revision, or excision of skin lesions is the following (Fig. 4-1): 

1. Towel clips or forceps, small size (9 cm, Backhaus). At times, especially in operations on the 
face, it is more convenient to suture the drapes, with 4-0 silk, to the skin surrounding the operative 
area so that they will not tend to slide downward. 

2. Gauze sponges, 10 by 10 cm, used for sponging and as bandage. 

3. Round toothpicks and dye (methylene blue) in a medicine cup, used to mark the skin when 
planning elective incisions. 

4. A syringe with Luer-Lok control and metal thumb and finger rings for injecting the local 
anesthetic, as well as for Hushing traumatic wounds with saline. It can be either the 5- or 10-cc size. 
It is used with 25-gauge hypodermic needles, 1.5 cm and 5 cm in length. "Throwaway" needles 
as a rule have sharper points. A 20-gauge needle is used to withdraw the anesthesia. 

5. Retractors, Senn double-ended (16 cm), with three-pointed end (not dull) and one solid 
blade. 

6. Scalpels, No. 3 handles, with No. 15 and No. 11 blades. 

7. Hooks, small and sharp, Frazier (14 cm), with pointed end. 

8. Thumb tissue forceps with 1 and 2 mouse teeth and light, delicate tip with easy spring 
(Adson's, 12 cm). 

9. Scissors, small curved-on-flat Stevens (11 cm), which is used in excising and undermining 
tissue, and the straight Stevens scissors, which is used for cutting ligatures and sutures. 

.10. N 7 eedle-h older, Webster (13 cm), with smooth jaws with which the suture material can be 
held easily without slipping when tying knots. 

11. Catgut, 4-0 chromic with needle, used for ligatures and deep tissue approximation. Silk, 
black, braided, atraumatic, 6-0, with 3/8 curved cutting needle. 

12. Hemostats, curved mosquitoes (14 cm). 

13. Medicine cup with normal saline solution to cleanse the wound. 
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FIG. 4-1. Basic plastic surgical set 
I. Towel clips 
Gauze sponges 
Round toothpicks and 
methylene blue in 
medicine cup 

4. Syringe and hypodermic 
needles 

5. Senn retractor 

6. ScalpeJs 

7. Skin hooks 

8. Ad son forceps with teeth 


of instruments. 
9. Stevens scissors 

10. Webster needle-holder 

11. 4-0 chromic catgut 
and 6-0 silk with 
atraumatic cutting 
needle 

12. Mosquito hemostats 

13. Medicine cup for normal 
saline solution 

14. Suction tubing with 
standard medicine dropper 
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14. Suction tubing with standard medicine dropper used as suction tip. This is easier \o use 
rather than the regular metal suction tubes (Frazier or Adson). Its rubber bulb may be placed over 
the tip to shut off suction when not in use. Using suction in a wound to cleanse it of blood and 
foreign particles is superior to the frequent use of gauze sponges because it is less traumatizing, 
removes small particles better, and does not interfere with the surgeon's vision. 


Making the Incision 

It is advantageous to Crosshatch the incision area beforehand with a needle dipped in 
mechyfene 6/ue, or with the point of the scafpef (scratch marfcsj. This is hei'prui in re- 
aligning the wound edges to facilitate subsequent suturing. 

The No. 15 blade is the one used most frequently by plastic surgeons. This blade is 
mounted on a No. 3 surgical handle. For small or sharply angled incisions (e.g., W- 
plasty), the pointed No. 11 blade is preferred. 

Elective incisions should be performed perpendicular to the skin surface [48J. The in- 
cision should be made at a slant only when making free hair-bearing skin grafts, follow- 
ing the angle of the hair follicles. The skin should be kept taut and firm while making an 
incision. For delicate, accurate incisions the scalpel may be held like a pencil (Fig. 4-2}. 
Elective incisions always should be as close to the RSTL as possible to obtain minimal 
scarring. When excising deep structures, care should be taken to make the incision of 
sufficient size so that the skin does not have to be retracted excessively for adequate 
exposure. 



Suiure Material 



The first question a young surgeon is likely to ask an experienced surgeon is ^What 
suture material do you u se?" He asks the question out of a desire to improve on his re- 
"sults, thinking that this factor is an important one in obtaining a fine scar, somewhat 
analogous to using good ingredients in baking a cake. Nothing could be further from the 
truth: ,AJ jne scar depends less on the type of suture material used th an on the region 
of the wound, its relation to the RSTL, and other factors mentioned in the chapter on 
scar prognosis, as well as on the technique in in serting and tying the suture materia l, I 
prefer 6-0 black, braided, atraumatic silk sutures in most operations on the face. Laiger 
sizes (5-0 and 4-0) are used wherever greater tensile strength is required. The faality 
with which the silk suture is tied and the gijeater ease of wound edge tension adjustment 
appear to make this material preferable. 

The atraumatic suture (swaged needle) jfias advantages. It needs no threading, itVdoes 
not become unthreaded, the injury to the mssues is minimal, and it comes already sfte rile. 
The "plastic" type has smaller needles, which are narrow and very sharp. The guticular 


Elective Incisions and Scar Revision 


mi-ZOP 929 


jemojsnQ penjeA 


90 £0 6iV 


FIG. 4-2. Writing-pen grasp of scalpel. Thickest part of handle is grasped between thumb 
and first two fingers. This position of knife is employed for delicate incisions. 

type is larger and not so sharp; it is preferable when the skin is thick, since it permits the 
surgeon to pierce both skin edges with only one stroke . 

For continuous temporary subcuticular stitches I prefer to use 4-0 monofilament ny- 
lon. It holds the wound better than silk and can be left in the wound much longer with- 
out signs of inflammation. When the stitches are going to be left in a long time (10 days 
to 2 weeks) before removal, I prefer to use 5-0 continuous whipstitch monofilament ny- 
lon rather than interrupted silk. 


TECHNIQUES OF WOUND SUTURE 


Before placing any skin suture, i t is desirable to undermine the wound's skin borders 
slightly in order to facilitate proper insertion of the needlea nd accomplish the desired 
minimal eversion of the skin borders. V . . . ^ „ 

Simple Interrupted Suture 

The simple interrupted suture is the suture most frequently used. It may be pass ed 
through the skin with straight needles. However, more accuracy is achieved bv usine 
s mall curve d needles mounted nn HnMpr^ Tho needle-holder can be large or small, but 
should have thin, pointed claws in order to hold the small needle properly without n 

^uun^vM 1 cvwOVjCs. fcxss»<^_ 
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FIG. 4-3. Sim ple interrupted suture Suture enters skin at a distance from wound's edg e equal 
to thickness of skin (arrows). ' " 

Observe in Figure 4-3 the following technical details in a schematic representation of 
a simple interrupted suture: 

1* The t hread has entered the skin at a distance from the skin border (horizontal arrow) 
equal to the thickness of the skin being su tured (vertical arrow). 
If It then traverses the skin, n ot precisely in a perpendicular fashion, but in a slightly 

r^y\£^v£M^ oblique manner, in such a way as to form an isosceles trapezoid. This brings about a 


slight eversion of the skin borders, or at least prevents inversion. 
3. The knot is tied away from the wound edges, not over the wound itself. Three knots 
are tied to prevent unraveling. The ends are cut short to avoid interference with the 
tying of neighboring stitches. \ ^ 4\ \ \\\G C^KT^^^^^ 

In order to distribute the wound tension more evenly among the sutures, it is prefer- *s 
able to place the sutures in the order shown in Figure 4-4. Alternatively, the white su- 
tures should be done first and then the others. 

Another satisfactory method is to insert the first suture in the middle of the wound, 
the next midway between this point and the extremity of the wound, and so on. The first 
^Yd<^ sutures (white) should not be tied too tightly, even though this often results in their not 

completely approximating the wound edges until the other sutures (black) are placed. 

How many sutures are needed, and how far apart should they be? The answer is: as 
many sutures as necessary, placed as close together as necessary, for satisfact ory coapta- 
tio n of wound edges. Wounds that follow the RSTL need fewer stitches than those that 
cut across them. Their edges can be brought together with fewer stitches. It is better to in- 
crease the number of sutures than to increase the size of the thread. By increasing the number of 
stitches one distributes the tension more evenly, t hus preventing the thread from cutting 
the skin and producing stitch marks. 

The main advantage of the "interrupted stitch over the continuous stitch is that one 
may adjust more precisely the tension of each suture at each segment of the wound ac- 
cording to the spreading force that exists. 
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FIG. 4-4. Order in which skin sutures are placed so tension of wound mav be more evenJy 
distributed. Suture color is only for diagrammatic representation. (From Borges, A. F., Rev Conkd 
Med. Pamtm. 5:1, 1953.) 

Mattress. Sutures 


Interrupted Horizontal Type. The interrupted horizontal suture is used quite frequently. 
It complements the simple interrupted suture in achieving a slight aversion of the skin 
borders. In Figure 4-5 these sutures are shown in white. As a rule, mattress sutures are 
not used in thick, boardlike skin (e.g., forehead, back); they are not needed for good 
approximation, and they tend to cut through and become embedded. 

Interrupted On-End or Vertical Type. The vertical type of suture is utilized when the 
skin borders have been undermined for a great distance, or when the subcutaneous tis- 
sue has been divided and the surgeon does not wish to place any deep stitches to ap- 
proximate the deep layers of tissue. The fewer deep stitches, the better; they are a source 
of foreign-body reaction. This stitch is generally placed ahead of the simple interrupted 
ones. A frequent mistake made with this stitch is tying it too tightly in order to bring the 
skin borders together. Vertical mattress sutures should bring the skin borders closer to 
each other, but should not be tight enough to achieve complete coaptation; this is one of the 
most Frequent technical blunders made by surgeons. Final coaptation should be accom- 
plished with the aid of simple interrupted sutures. The mattress suture does some ap- 
proximation, but the simple interrupted suture should be the last touch. Most of the time 
vertical mattress sutures are removed before simple interrupted sutures since they have 
a greater tendency to leave stitch marks and serve their purpose sooner than the simple 
interrupted suture. 
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FIG. 4-5. Mattress suture techniques. A. Interrupted horizontal sutures (in white), which help 
to achieve slight eversion of skin borders. B. Interrupted vertical mattress sutures (in white). C. 
left, common suture error of using exclusively and tying too tightly the mattress suture for wound 
border approximation. Right, correctly tied mattress suture. Note that with tension adequate to 
approximate deep layers,, but not so tight tha t stitch would cut through skin, the skin borders do 
not coapt. D. On the right can be seen the correct way or completing the skin approximation by 
using simple interrupted sutures (arrows) in bertween the mattress sutures. 
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Continuous Sutures 

The stitch many believe to be the plastic stitch par excellence is the continuous sub- 
cuticular suture. It leaves no stitch mark and gives good dermic approximation. However, 
it does not prevent widening when a wound has a tendency to stretch, ft is also time- 
consuming, and in most instances the results obtained by properly placed simple inter- 
rupted sutures are just as good. It is indicated especially when the wound is sutured 
under considerable tension; such wounds always tend to disrupt widen, and produce 
stitch marks. In these cases it is best to use 4-0 monofilament nylon or stainless steel wire 
in one. two, or even three different subcuticular layers. The splinting effect of this rigid 
stitch keeps the dermis approximated. The beginning and the end of the continuous 
intradermal sutu res need not be tied, as they do not tend to become loose ( Fig. 4-6). Since 
these sutures do not produce tissue reaction or stitch marks, they can be left in the wound 
for 10 days, 2 weeks, or longer and can be removed easily (Fig. 4-7). When these multiple- 
layer intradermal sutures are used, outside sutures (interrupted or continuous) are often 
used as well to help further in the skin closure. 

If the subcuticular suture is used to close very long wounds, it should be brought out 
on the surface of the skin at intervals of about four cm to facilitate subsequent removal. 

External Continuous Sutures, or Whipstitch. The external continuous suture is the fastest 
procedure and may give satisfactory results, although the results are never better than 
those achieved with the simple interrupted suture. Figure 4-8 shows the simple external 
continuous suture, which is superior to the locked external continuous suture also shown. 
The former allows for adjustment once the operation is over. 

The "Baseball" Suture, or Cross-Stitch. The "baseball" suture is a double continuous 
suture which, although not qualitatively superior to the interrupted stitch, is faster and 
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FIG. 4-6. Two layers of continuous subcuticular temporary stitches. 
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A C 

FIG. 4-7. A. Large 5-inch sacral decubitus in a 75-year-old stroke patient. B. Schematic draw- 
ing of incisions to be done. To prevent dog ears, four Burow's triangles arc excised. C. Final result 
following closure of defect by bringing together gluteal flaps in straight advancement flap fashion. 
Meticulous multilayer subcuticular stitching held skin borders together long enough for healing 
to take place. (From Borges, A. F., Va. Med. Mow. 96:651, 1969. Reproduced by permission.) 



FIG. 4-S. Simple external continuous skin suture at top is better than locked continuous su- 
ture beiow, because it allows for adjustment. 
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is satisfactory in some situations. Although the author has not previously described it, 
he has used it with success for five years and regards it as having a place in the surgical 
armamentarium. It may be used in areas where the skin is thick and when some haste is 
called for. The "baseball" stitch is done by placing a whipstitch in one direction and 
completing the closure with the same thread coming as another whipstitch from, the 

other direction (Fig. 4-9). The first row should be loose; the second row is the one that 
completes the closure. If, after the surgeon has done the first row, the wound seems to 
be almost completely closed, the returning whipstitch may jump over a number of loops 
until the starting knot is reached. The thread is tied finally to the long end of the secur ing 
steriingjaiak In the first row of whipstitch, the needle bites deeper and wider into the 
skin edges than in the second row. The first row is used to approximate the full thickness 
of the integuments; the second row is more for the purpose of approximating the super- 
ficial edge of the wound (Fig. 4-9). 

Some experience is required to obtain the best possible result When placing this 






B 



FIG. 4-9. "Baseball," or cross-stitch. A and B. Note slackness of thread in first row. C and D. 
Second row takes smaller, more superficial bites and completes skirt approximation. 
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stitch, or any other whipstitch, it is better to make the loops tooikjose rather than too 
tight. If the loops are loose, the a dditi on of a few interrupted switches >vil LcompIete the 
| v , s kin approx imation where the surgeo n notes that it is required. If the l oops are too tight, 

YVOT-^ft cwn 1 ^ there is not much one can doT 

Coaptation of Borders 



^ LI 




Anatomical landmarks and points of reference created by a wound's irregularities will 
help bring together tissues into the same relationship they had prior to the laceration. 
Special care should be given to wounds involving the eyebrows, eyelid margins, nasal 
ala margins, and the lip's vermilion border. Step-off deformities of these landmarks are 
very disfiguring. 

Some surgeons place hooks at the commissures of the wounds and then pull them 
apart to bring the skin borders together (Fig. 4-10A). This procedure, which 1 do not use 
or recommend/ should be utilized only in wounds that faithfully follow the RSTL; in any 
other wound it will not bring the corresponding segments into correct apposition. 

In curved wounds, as shown also in Figure 4-10B and C, skin tension may displace 
the location of the wound edges— and to such an extent that very great care in suturing is 
necessary for the approximation to come out accurately. 

For approximation of deep tissues I prefer 4-0 chromic catgut, but I do not use even 
this most of the time. The forceful direct approximation of subcutaneous fat or muscle 
is not always necessary. Once the skin is well sutured , nature does an excellent job o£ 
bringing the deep structures together without the hindrance of deep suture foreign-body 
reaction. Dermic or subdermic interrupted permanent stitches are also used only when 
there is great tension. These do not prevent a wound from widening, and they may cause 
foreign-body reaction. 

In deep facial wounds that enter the mouth, the mucosal lining should be sutured; 
lacerations involving the mucosa inside the mouth need not be sutured meticulously to 
obtain satisfactory healing. The same suture used for the skin may be employed inside 
the mouth. In children, absorbable Dexon may be used inside the mouth so that the 
stitches will not need removal. 


Handling Skin Borders 

A surgical procedure from beginning to end is full of inevitable trauma. There is really 
no atraumatic technique; the word is misleading. It would be better to call a delicate 
technique "hypotraumatic" or "minitraumaric." 

It is important to handle all tissue gently. Hooks (Frazier or Tyrell) are the least trau- 
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FIG. 4-10. A. Making divergent traction at wound's commissures with skin hooks often does 
not bring correct corresponding segments of skin borders together except if the wound follows 
RSTL B. White sutures perpendicular to wound edges are not correctly placed: dark sutures are. 
Skin tension tends to disiodge skin borders of irregular or curved ATL wounds. C. Order of plac- 
ing first three skin sutures in a U-shaped wound. 
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matizing instruments with which to hold, pull, or separate skin borders (Fig. 4-11A and 
B). They are not so easy to use as tissue forceps, but dexterity in handling them comes 
with training and experience. If they are not available, small tissue forceps with teeth are 
best (Adson) (Fig. 4-11C). Tissue forceps without teeth require more pressure to hold the 
tissues, and they traumatize more than those with teeth. Oftentimes the practiced sur- 
geon may find it unnecessary to hold the skin border with any instrument when passing 
a stitch. The first skin border is held in place by the underlying structures; the second 
skin border is held by the skin tension, aided by a gauze sponge (Fig. 4-12). 

When it is necessary to pull on a skin border frequently or for a long time, it is ad- 
visable to use temporary retraction sutures rather than hooks. T hese sutu r e ate loosel y 
tjedand will not tend to come out if an end slips off the forceps holding them. Allis tis- 
sue forceps should not be used as skin retractors. 


PROPHYLAXIS OF WOUND INFECTION 
Cleansing the Wound 

Lacerations should be cleansed thoroughly to prevent infection. The skin of the area 
should be cleansed with soap and water; hair in the immediate neighborhood should be 
shaved, with the exception of eyebrow hairs, which are spared. They are important land- 
marks for exact tissue approximation. Moreover, the wound may heal in a week, while 
the eyebrow takes much longer to grow back. 

While the skin is cleansed, the wound should be packed with sterile gauze to protect 
it from the cleansing agent. The eyes should be protected with an ointment. A strong 
antiseptic can be used only over normal skin; it should not be used in the wound. Chem- 
icals effective in killing bacteria within the wound will further damage the already trau- 
matized Ussue. kvstead of preventing infection, they favor infection by lowering the local 
defense mechanism of the tissues involved. 

Ingrained dirt may require scouring; otherwise, the scar may be tattooed. This compli- 
cation is relatively easy to prevent, but difficult to correct. 

The wound itself is best cleansed by thorough irrigation with normal saline solution. 
Mechanical swabbing with gauze soaked in saline, along with the force of irrigating 
saline, is sufficient to remove surface wound contaminants and any completely detached 
fragments of tissue. While the skin borders are raised with hooks, the depth and crevices 
of the wound are flushed with a 5- or 10-cc syringe. The same syringe used for the local 
anesthetic can be used for this purpose. Plungerless bulb syringes take a long time to fill 
up, and the water flows with insufficient pressure. Although such a syringe uses much 
more water, it does not cleanse so well. 
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F1C. 4-1 1. A and B. Inserting needle through skin borders with aid of skin hook. C Inserting 
needle utilizing teeth of one side of tissue forceps as hook; other side is not pinching skin. 
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ministered, the vascularity of the site of 
injection, the speed of injection, and the 
presence or absence of epinephrine. The 
balance between drug absorption, distri- 
bution, and elimination is upset. Differ- 
ent drugs possess different relative tox- 
icities. More vascular sites allow more 
rapid drug absorption. The most common 
cause of toxicity, however, Is uninten- 
tional intravenous injection. A drug 
overdose is the most common cause of 
death. 

The signs and symptoms of CNS toxicity 
parallel the serum concentration of the 
anesthetic agent. This dose-related spec- 
trum of cerebral effects follows a classic 
increasing order of severity: 

1. Circumoral and tongue numbness, 
metallic taste 

2. Lightheadedness 

3. Tinnitus 

4. Visual disturbances (diplopia, nystag- 
mus) 

5. Anxiety, slurring of speech, irrational 
behavior 

6. Muscle twitching 

7. Convulsions (grand mal) 

8. Unconsciousness 

9. Coma 

10. Respiratory arrest 

11. CNS depression 

Myocardial toxicity may cause hypoten- 
sion, bradycardia, and, eventually , car- 
diac standstill. The mechanisms of action 
include slowing of myocardial conduc- 
tion, myocardial depression, and periph- 
eral vasodilatation. The effect is usually 
seen clinically only after injection of two 
to four times the convulsant dose. 

Problems with local anesthetic toxicity 
can be prevented by observing several 
simple rules. 

1. Always use the recommended dose. 

2. Before injecting the drug, aspirate the 
area with the needle in position to pre- '\f 
vent intravenous injection. fV" 

3. When a local anesthetic contains epi- I 
nephrine, intravenous injection pro--' 
duces a brief tachycardia 30 to 45 sec- / 
pnds after injection. Watch for this sig- / 
rial. 

4. When administering large quantities of 
local anesthesia, give drugs of low tox- 
icity slowly in several small aliquots. 

5. Maintain continuous verbal commu- 
nication with the patient during drug 


administration. It provides the earliest 
clues to CNS toxicitv. 
6. Watch for minor symptoms, which ca 
be seen before the drug is enti 
given. 

Before a local anesthetic agent is injected, 
all necessary resuscitation equipment and 
drugs should be available. As soon as tox- 
icity is recognized, one should proceed 
with the ABCs of resuscitation — establish 
and maintain a clear airway; give oxygen 
to prevent hypoxia (breathing); and ad- 
minister intravenous fluids and drugs for 
hypotension and bradycardia (circulation). 
If convulsions occur and they persist for 
more than 20 seconds, an anticonvulsant 
such as diazepam, 5 to 20 mg, or thio- 
pental, 50 to 100 mg, should be given in- 
travenously. 



■uturing Skin Wo unds 

Surgical wound closure should be har- 
monious with biologic events, such as fi- 
broplasia, epithelization, wound contrac- 
tion, bacterial balance, and host defense 
mechanisms. It is important to conside r 
each suture a foreign material that evokes 
aUssue inflammatory reaction, which can 
cause delayed wound healing, infection, 
or dehiscence. All suture materials, in- 
cluding the absorbable and nonabsorb- 
a ble mono filaments, incite some degree 
of inflammatory response, and onelnust 
be discriminating in the selection and 
pla cement of suture mate rial. The selec- 
tion of suture material should be based on 
the healing properties and requirements 
of the involved tissue, the biologic and 
physical properties of the suture material, 
the location on the body, and patient con- 
siderations. 

Suture Material 

The choice of suture material is critical in 
the earlysta ges of wou nd hea ling becaus e 
the suture is pri marily responsible fo r 
'Tcee ginj* the wound togethe r/' In the 
first 3 to 4 days after wounding, the ten- 
sile strength of the skin increases as fibrin 
clot fills the wound cavity. One week after 
wounding the tensile strength of the skin 
is less than 5 percent that of unwounded 
skin; it is 10 percent after 2 weeks, 25 per- 
cent after 4 weeks, and 40 percent after 6 
weeks, never achieving more than 70 to 
80 percent of normal unwounded tensile 
strength. Thus the use of absorbable der- 
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mal sutures, such as polyglactin 910, 
poiyglycoltc acid, and polyglyconate, 
w hich lose their tensile strength in th e 
first several weeks, when wounds are still 
v ery weak, can cause spreading and e ven 
dehiscence of wounds. In fact, studies**^ 
show no significant improvement with £ 
dermal sutures over cutaneous sutures 
alone. The finest scars are seen when a 
subcuticular monofilament suture mate- 
rial is left in place for several weeks or 
even months. 

Skin margins should always be everted 
and approximated without tension. After 
a knot is tied, the suture appears pear- 
shaped in cross section with raised bor- iQ 
ders. The everted skin edges gradually cv" 
flatten to produce a level surface. It is irn- J 
portant to place the suture so that the -5S 
i wound edges just t ouch each other . Post- *~ 
operative eaema produces additional ten- -V- 
sion with resultant strangulation of tissue 
and ischemia, leading to necrosis. A layj » 

ered closure with subcuticular sutures 
should be performed with knots ried- ^ 
snugly but not so tight as to cause stra n- 

There are many different metnods of ski n 
suturing. These include simple inter- 
rupted, vertical and horizontal mattress, 
continuous subcuticular, half-buried hor- 
izontal mattress, and continuous over- 
and-over suturing (Fig. 2-5). Simple in- 
t errupted sutures are inserted solhat me ^ 
needle enters and exits trie tissue at the * 
same angle, grasping identical amounts 
of tissue to approximate the wound mar- 
g ins exactly . Vertical mattress sutures 
produce excellent eversion of the skin 
edges. Horizontal mattress sutures pro- 
vide good approximation of the skin 
edges with some eversion. They usually 
cause more skin ischemia than either sim- 
ple interrupted or vertical mattress su- 
tures. Subcuticular or intradermal contin- 
uous sutures eliminate the need for in- 
terrupted skin sutures, avoid suture 
marks on the skin, and produce the most 
favorable scar. These continuous sutures 
should be left in place for several weeks. 
Polypropylene is most commonly used 
for this purpose because it produces little 
inflammatory reaction, maintains its ten- 
sile strength, and can be removed easily. 
Half-buried mattress sutures are espe- 
cially useful for closing V-shaped wounds 
or approximating skin edges of different 
textures and thicknesses. Using these su- 
tures often prevents the necrosis of the tip 
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Fi$. 2-5,4. Mandibular nerve block. B. Sensory distribution of mandibular nerve. (Part A from /. Katz 
l&U, Atlas of Regional Anesthesia. I2d Ed J. Norwalk, Connecticut: Appteton and Lange. J9B4. 
(^produced urilh permission: and Part B from D.L. Brmvn [Ed.}, Atlas of Regional Anesthesia. 
Philadelphia: W.3. Saunders. 1992. Reproduced with permission.) 


of the V that occurs with simple inter- 
rupted sutures. When the buried portion 
or the suture is placed within the dermis 
of the flap, ischemia and damage to the 
overlying skin are avoided. Continuous 
over-and-over sutures are most often 
used in closure of scalp wounds, where 
they can be rapidly performed and are 
hemostatic. Last, immobilization of the 
wound is as important in soft tissue heal- 
ing as it is in bone healing; it can be 
achieved with sterile adhesive strips, 
tapes, collodion, or even plaster splints. 

Different types of suture material are cur- 
rently available for w ound closure. These 
suture materials can be classified as nat- 
ural or synthetic, absorbable or nonab- 
sorbable, and braided or monofilament. 
Additional classification takes into con- 
sideration the time of absorption, amount 
of tissue reaction, and tensile strength 
(Table 2-2). 

Absorbable suture material includes cat- 
gut, polyglactin 910, polyglycolic acid, 
polydioxanone, polyglyconate, and silk. 


Catgut is derived from the submucosal 
layer of sheep intestine. II evokes a mod- 
erate tissue reaction and is digested by the 
body's proteolytic enzymes within 60 
days. Tensile strength is rapidly lost 
within 7 to 10 days. Chromization of the 
catgut suture slightly prolongs the time 
to loss of tensile strength and digestion. 
The main uses of catgut sutures include 
ligation of superficial vessels and dosuxe 
of tissues that heal rapidly, such as the 
oral mucosa. Catgut also may be used in 
situations in which one does not want to 
remove the sutures, such as wounds of 
small children or a nipple-areolar inset 
after breast reduction. However, the use 
of catgut may incite more tissue reaction 
than desired. 

Polyglactin 910 and polyglycolic acid are 
synthetic materials that behave similarly. 
They produce low tissue reactivity and 
are completely absorbed by hydrolysis 
within 90 days. Tensile strength is 60 to 
70 percent at 2 weeks and is lost at 1 
month. Both materials are useful as in- 


tradermal sutures because of their low 
reactivity, but one should be discriminat- 
ing about using them for buried sutures. 
They have a tendency to "spit" with in- 
flammation. When polyglactin 910 and 
polyglycolic acid are used as cutaneous 
sutures, scar widening may occur. The 
sutures should be removed 7 days after 
placement, before sinus tracts form. The 
braided configuration of these materials 
may potentiate infection; therefore, these 
materials should not be used in wounds 
with bacterial contamination. 

Polydioxanone (POS) is a synthetic ab- 
sorbable monofilament suture that is min- 
imally reactive and absorbed by hydrol- 
ysis over 6 to 9 months. Because of this 
very slow absorption, "spitting" is a con- 
siderable problem. Because the material 
is a monofilament, there is less affinity for 
bacterial seeding. This suture material, 
maintains its tensile strength consider- 
ably better than the materials previously 
mentioned. Fifty percent of its original 
strength remains 4 weeks after suture 
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Suture 


Type 


Raw material 


Tensile strength 


Absorption 


Tissue reaction 


Catgut 


Plain 


Catgut 


Chromic 


Polyglactin 910 Braided 


Submucosal layer of 
sheep intestine; serosal 
layer in cattle; flexor 
tendon 

As above. Treated by 
chromization to resist 
digestion by body 
tissues 

Polymer of glycolk arid 


Lost within 7-10 days 


Digested by body >. 
proteolytic enzymes 
within 60 days 


Moderate 


Lost within 3-4 weeks 


Digested by body Moderate (less than 

enzymes within 90 days plain catgut) 


Braided Polymer of glycoKc acid 

Polydioxanone Monofilament Polyester filament 


Polyglycolic 
acid 


Silk 
Nylon 
Nylon 
Polyester 


Braided 


Natural protein spun by 
silkworm 


Monofilament Polyamide polymer 

Polyamide polymer 


Braided 
Braided 


Polypropylene Monofilament 


Polyester polyethylene 
terephrhalate coated 
with polybutylate 

Polymer of propylene 
filament 


60% remains after 2 

Minimal until day 40. 

Mild 

weeks 

Absorbed by slow 


30% remains after 3 

hydrolysis. Complete in 


weeks 

60-90 days 


Lost within 1 month 



Lost within 30 days 

Complete digestion 

Mild 


within 90 days 


70% remains after 2 

Minimal until day 90. 

Mild 

weeks 

Absorbed bv slow 

• 


50% remains after 4 

hydrolysis. Complete 


weeks 

digestion within 6-9 


25% remains after 6 

months 


weeks 



Lost within 1 year 

■4 


Lost within 1 year 

Complete by 2 years 

Moderate 

Loses 15-20% per year 

Degrades at 15-20% per 

Very low 


year 


Loses 15-20% per year 

Degrades at 15-20% per 

Very low 

* 

year 


Indefinite 

Nonabsorbable; encap- 

Minimal 


sulated in body tissues 



Indefinite 


Nonabsorbable; encap- Minimal transient 

sulated in body tissues acute inflammation 


placement and 25 percent remains 6 
weeks after placement. Polydioxanone 
completely loses its strength one year 
after the operation. Polyglyconate is an 
absorbable monofilament suture with the 
qualities and advantages of PDS; how- 
ever, it retains its tensile strength for only 
3 to 4 weeks. 

The nonabsorbable monofilament (nylon 
and polypropylene) and braided (nylon 
and polyester) suture materials cause 
minimal inflammatory reaction, slide 
well, and can be removed easily, thus 
providing an ideal running intradermal 
stitch. Polypropylene appears to maintain 
its tensile strength better than nylon, 
which loses approximately 15 to 20 per- 
cent of its original strength per year. 

» 

Staples provide less inflammatory reac- 
tion than sutures, have similar strength 
up to 21 days, and leave a similar ap- 


pearance to sutured wounds when re- 
moved by one week after the operation. 
Large wounds can be closed faster and 
more expeditiously with staples. Staples 
are useful for procedures such as large 
flaps, abdominoplasty, mammoplasty, 
and skin grafting. One must remember, 
however, to remove the staples early to 
avoid permanent suture marks. 

The forma*^ n pfpemiaaenx suture marks 
depends on the length of time a skin su- 
ture re mains in place, the ^ n<;inn Q" the 
WOund margins/ the reg ion of the body, 
the presence of infection, and the ten- 
dency of the /patient for hypertrophic 
scarriig or keloid formation. The most 
critia I factors in avoiding suture marks 
in th » skin are tension-free closure and 
eariy/ removal of sutures. These two fac- 
tors are far more important than either the 
size or the wpe of suture material. Gen- 
lly sururps left in place for 14 days 


cause severe scarring with cross hatching 
Wounds from which sutures are rernove> 
within 7 days produce a fine linear scai 
Wound closure with a running dernu 
puilout suture provides an optimal sea 
without interfering with the developrncr 
of tensile strength. The finest sutures fc 
any given wound should be used. Suture 
should be removed at different time 
from different areas of the body. This pi 
riod ranges from 3 to 5 days for the fac 
to 10 to 14 days for the limbs. 

Elective Surgical Wounds 

The quest for the optimal scar is a foi 
midable one. The ultimate goal sought b 
the plastic surgeon is a fine, flat, cor 
cealed linear scar lying within or paralli 
to a skin wrinkle or natural skin line, 
contour junction, or a relaxed skin ter 
sion line. There should be no irregularil 
in contour or distortions of adjacent ai 
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Fig. 2-6. The Ungual nerve block is usually 
performed in conjunction with the inferior alveolar 
nerve block. {From /. Katz (Ed.h Atlas of 
Regional Anesthesia. [2d Ed.). Norwalk. 
Connecticut: Appleton and Lnnge, 1994. 
Reproduced with permission.) 


atomic units or landmarks. Changes in 
pigmentation should be avoided. 

Elastic fibers within the dermis maintain 
the skin in a state of constant tension. 
This (act can be appreciated by the gaping 
of wounds made by incising the dermis 
or by the immediate contraction of skin 
grafts as they are removed from the donor 
site. Langer, in 1861, demonstrated that 
puncturing the skin of cadavers with a 
rounded sharp object made elliptic holes 
produced by the tension of the skin. He 
stated that human skin was less disten- 
sible in the direction of the lines of tension 
than across them. The use of the Langer 
lines has the following shortcomings: (1) 
Some tension lines were found to run 
across natural creases, wrinkles, and flex- 
ion lines; (2) the lines exist in excised skin; 
and (3) they do not correlate with the di- 
rection of orientation of dermal collagen 
fiber. Nonetheless, the Langer lines serve 
as a useful guide in the planning and de- 
sign of skin excisions. 

Scars are least conspicuous when they fol- 
low any skin line, preferably a wrinkle or 
natural skin line, a contour line, or a line 


of dependency (Fig. 2-6). Relaxed skin 
tension lines, also known as wrinkle 
lines, natural skin lines, lines of facial 
expression, or lines of minimal tension, 
lie perpendicular to the long axis of the 
underlying facial muscles. They are ac- 
centuated by contraction of the muscles, 
as by smiling, frowning, grimacing, puck- 
ering the lips, or closing the eyes rightly. 
On the face, wrinkle lines or lines of facial 
expression develop in a predictable pat- 
tern with age. At about the age of 30 
years, upper eyelid redundancy and the 
fine, lateral orbital laugh lines known as 
crow's feet develop. By the age of 40 
years, periorbital and nasolabial folds 
deepen and glabellar and forehead wrin- 
kles occur. Wrinkling in the neck and 
drooping of the tip of the nose appear be- 
tween the ages of 50 and 60 years. With 
progressive aging, the facial skin becomes 
thinner and the wrinkles more promi- 
nent. These changes are accompanied by 
wasting of adipose tissue in the temporal 
and buccal regions. Wrinkle lines in other 
parts of the body can be seen by flexing 
and extending that part of the body. 

Scars placed within relaxed skin tension 
lines or parallel to them are subjected to 


minimal tension during the period of 
healing because they are not subjected to 
the intermittent pull of the subjacent 
muscles. Contour lines occur at the junc- 
tion of body planes, such as the juncture 
of the nose with the cheek, the juncture 
of the cheek with the neck skin in the sub- 
mandibular region, and the infra marn- 
mary fold. Lines of dependency occur in 
older people as a result of the effects of 
gravity on the loose skin and fatty tissue. 
Jowl lines and "turkey gobbler" folds in 
the neck are classic lines of dependency . 
Cross-hatching patterns in the face are 
caused by the intersection of the lines of 
dependency and the lines of facial expres- 
sion. 

Principles of ] 
Wound Closure^/ 

Skin lesions may be removed by elliptic, 
wedge, or circular excisions. Most skin le- 
sions are removed by a simple elliptic ex- 
cision with the long axis of the ellipse on 
or paralleling a wrinkle or natural skin 
line, a contour line, or a line of depen- 
dency (Fig. 2-7). The ellipse may be len- 
ticular and have angular or rounded 


Fig. 2-7. The mental nerve can be anesthetized transcuianeously or transorally as it exits the mental 
foramen, (From /. Katz \Ed,l Atlas of Regional Anesthesia. [2d Ed.]. Norwalk, Connecticut: Appleton 
and Lange. 1994. Reproduced with permission.) 
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Fig. 2-8A. Ideally an ellipse should be planned so that the long axis is about four times longer than Die 
sliort axis. Dog-ears form at the ends of a closed wound wficn eitfrcr the ellipse is made too short or one 
side of the ellipse is longer than the other. Tlie dog-ear may be corrected by either fusiform extension of the 
elliptic excision (B) or a short, right-angle incision at the end of the ellipse tvith removal of the redundant 
skin (C). 


edges. Ideally, the long axis should be 
four times longer than the short axis. If 
this ratio becomes smaller, bunching of 
excess skin causes a dog-ear. Dog-ears 
occur when there is a considerable dis- 
crepancy between the two sides, one side 
approaching a semicircle and the other al- 
most a straight line. Dog-ears may flatten 
over time, but it is best to excise them pri- 
marily. There are two methods for elim- 
inating a dog-ear. (1) If the elliptic exci- 
sion is too short, one can either lengthen 
the ellipse to indude the excess tissue or 
excise the redundant tissue as two tiny 
triangles. (2) If the dog-ear has occurred 
because one side of the incision is longer 
than the other, one can correct the prob- 
lem by making a short right-angle or 45° 
incision at the end of the ellipse (Fig. 2-8). 

Large lesions can be removed by multiple 
serial excisions. The principle takes into 
account the viscoeiasric properties of skin 
and use of the creep and stress relaxation 
phenomenon. It has been especially use- 


ful for improvement of male pattern bald- 
ness by excision of the non-hair-bearing 
areas of the scalp. With the introduction 
of soft tissue expansion, however, the 
technique of serial excision has become 
less popular. 

Wedge excisions are performed primarily 
for lesions occurring on the free margins 
of the ears, lips, eyelids, or nostrils. Le- 
sions of the lip can be excised as either 
triangles or as pentagonal wedges. Exci- 
sion of lesions occurring in these locations 
as a pentagon often causes less contrac- 
ture and shortening along the longitudi- 
nal axis of the incision and a more favor- 
able scar than does excising the lesion as 
a triangle (Fig. 2-9). Closure of circular de- 
fects can be performed by a skin graft, by 
sliding V-Y subcutaneous pedicle flaps, or 
by hatchet-type transposition or rotation 
flaps (Fig. 2-10). 


Fig. 2-9. Wedge excision of lesions on free 
margins of the Hp, the rim of the nostril, and the 
tower eyelids. 
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Fig. 1.143 A. Following a gunshot wound this patient had a 
significant segmental loss of the third and fourth rays. B. The 
length was maintained at the time of the initial debridement 
by the use of Kirschner wires 'spot welded' with methyl 
me tha cry late. 


anatomy and by locating and matching che articular 
facets on each. Reduction is often facilitated by apply- 
ing finger trap distraction and is further aided by 
repeated study of the radiographs (Figs 1.127, 1.137) 
(see p. 06). 



Fig. 1.144 A. Radiographic examination of this patient, who 
sustained a game-keeper's thumb, revealed a suspicious 
fragment on the palmar aspect of the joint. B. Exploration or 
the joint revcaicd not only a fracture fragment from the 
anterior lip of die proximal phalanx, but also a depressed 
condylar fracture of the radial aspect of the metacarpal head. 


Aug 03 06 12:59p Valued Customer 



Tendon and muscle 

In the tidy hand injury, fairly firm conclusions will 
haw been made about which tendons have been lacer- 
ated during the initial examination. These conclusions 
should be confirmed at exploration. The probJems then 
remaining concern distinction of tendon from nerve, 
matching of tendon ends and exposure in the digit. 

TENDON OR NERVE? 

Locating the ends of divided structures for identifica- 
tion, matching and suture can be a frustrating exercise. 
Clearly, flexing the wrist and fingers fully will help to 
bring the ends towards the wound but then, even with 
retraction, the ends may be obscured by blood clot. 
Herein lies the solution. By dissecting where the clot is 
most dense and pure, the ends will be revealed as white 
gleams through the gore (Fig. 1.145). Working in this 
bloodstained synovium is like wading through quick- 
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sand. Rather it should be excised sharply, revealing the 
contained structures, which can be identified by: 

Colour. Tendon: whitish yellow; nerve: whitish grey. 
Texture of the surface. Tendon: smooth and firm; nerve: 
softer and somewhat more irregular due to the 
fascicular bundles appearing as longitudinal strands. 
Median artery. If the structure believed to be the median 
nerve is inspected closely with magnification, an artery 
of differing diameter wilt almost always be found on its 
surface. Both nerve ends can be so identified. The 
artery also serves to ensure that the correct orientation 
of the nerve ends is selected for repair. 
Retraction. Nerve ends retract much less than do divided 
tendons. 

Nerve fascicles. After irrigation, if the nerve end is turned 
end-on and inspected with magnification, the fascicular 
bundles can be seen, shiny and hemispherical. 
Passive movement. Selective flexion of the digital joints 
will identify individually the distal tendons ends. Once 






B 


Fig. 1.145 A. This patient had sustained a dean laceration of the palmar aspect of the wrist. The proximal tendon ends had 
been retrieved with little difficulty, but even with full finger flexion the distal tendon ends were obscured in the dark blood dots 
seen at the proximal end of the carpal tunnel (on the left of the photograph). By dissecting where the blood dot was most dense 
(B, C), the distal tendon ends were revealed as a white gleam through the synovium. After transfixing the tendons with straight 
needles they were suitably approximated for subsequent primary tendon suture (D). 
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the proximal ends have been identified with a high 
degree of confidence, grasp them in mm by the cut end 
with fine toothed forceps and pull gently. A characteris- 
tic gliding motion wfl] result and often the muscle belly 
will be revealed. 



FLEXOR TENDON IDENTIFICATION AND PREPARATION 

At the wrist: distal ends 

In multiple flexor tendon injuries at the wrist, identifi- 
cation of the distal ends is straightforward after they 
have been Located, profundus tendons flexing the distal 
interphalangeal joint, superficialis tendons the proximal 
interphalangeal joint. Traction on the distal end should 
be performed with the same care as on the proximal end 
by grasping the cut tendon end with fine toothed dis- 
secting or mosquito forceps in order to avoid damage to 
the outer surface of the tendon (Fig. 1.146). Pulling on 
any finger flexor at the wrist, but especially a profundus 
tendon, will produce flexion to a varying degree in 
fingers adjacent to the finger to which the tendon goes, 
due to the interconnections between the tendons and 
due • to the common synovial sheath. This spurious 
movement can be distinguished from that in the correct 
finger by gently resisting the pull with a finger on each 
digital pulp in turn. In the correct finger there is a pre- 
cise transmission of pull from tendon to finger rip com- 
pared with the 'dampened* pull in the adjacent finger. 

Proximal ends 

The correct matching of the proximal ends at the wrist 
is rather more taxing as all pass through the space which 
occupies only 3 cm to the ulnar side of the median 
nerve. Four features aid in identification: 

Anatomy. The finger flexor tendons He in three layers: 
superficial: flexor digitonim superficialis to middle 
and ring (Fig. 1 . 147) 



Fig. 1.147 In this posed photograph* the relationship of the 
superficialis tendons at the wrist is demonstrated. Those to 
the middle and ring fingers lie superficial to those to the small 
and index fingers. 



Fig. 1.148 All of the profundus tendons lie in the same 
plane. Those to the middle, ring and small fingers arc, 
however, conjoined at the wrist, arising as they do from a 
common muscle belly while that co the index finger is quite 
separate. 



Fig. 1.146 Traction on the distal tendon end wiU effect 
flexion of either the proximal or the distal interphalangeal 
joint thereby revealing, as here, a flexor di giro rum 
superficialis. 


middle: flexor digitonim superficialis to index and 
small 

deep: flexor digitonim profundus co all fingers; those 
to middle, ring and small are conjoined; that to index 
is separate (Fig. 1.148) 
Cross-section. No two tendons have identical cross- 
section, either in diameter or shape. 
Angle of cut. Despite the feet that all have been injured 
by the one blow it is surprising how the angle of the cut 
varies. This also affects the cross-sectional appearance. 
Length. If the tendon ends are brought into exact 
apposition with no gap or overlap and held there, ready 
_^^ for suturing, by transfixion of the tendon ends' wit h 
straight needles, the normal balanced posture of the 


^ — ^ 
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Fig. 1.149 The patient whose hand is illustrated in 
Fig. 1. 145 had sustained an oblique laceration. After 
approximation and repair of the tendon ends it is evident that 
the correct proximal end was selected by the positioning of 
the fingers which lie in the normal cascade, the relationship of 
the fingers one to another being that which is seen in the 
uninjured hand. 


finger should result (Fig. 1.149). Standard hypodermic 
needles should be used for this cask for they are sharp 
and they inflict little damage; also, because of their hub, 
chey cannot stray or be forgotten. 

While describing retrieval of proximal tendon ends, 
an anatomical point should be made with regard to the 
flexor carpi radialis. It lies neither above the fascia noT 
below it but rather within it, in its own separate tunnel. 
If the surgeon remembers this he will retrieve it either 
by looking for the tunnel end-on, where it will be 
marked by tell-tale blood dot, or he will seek it from 
above or below the fascia where the tendon will shine 
through and can be released by incision. 

In the digit 

Having extended the incision as required to expose the 
distal end as dictated by the posture of the hand at the 
time of injury (p. 4) the flexor tendon sheath is ex- 
posed. Current theory and increasing practice dictate 
that the sheath should be preserved and repaired after 
flexor tendon repair***^. Sheath repair is relatively easy 
in its retinacular or cruciate portions and rather difficult 
in the annular pulleys. The latter should therefore be 
preserved intact whenever possible. With this in mind 
the cut end of the distal tendon should be located by 
looking through the sheath while flexing the finger. It 
will be seen as a moving junction of white tendon and 
dark red blood. The length of this tendon, which can be 
seen in the retinacular portion of the sheath with full 
flexion, is then measured (Fig. 1.150): 


DISTAL 


WINDOWS 

A, 


PROXIMAL 




A B 



Fig. 1. 150 Assessment for exposure during flexor tendon 
repair (sec text). 


AB 

1 cm or 
more 


0.5 to I cm 


less than 
0.5 cm 


The entire tendon repair can be done by 
opening a 'window' in that retinacular 
portion of the sheath — a proximal 
window repair 467 . 

The 'core* suture (Mason-Allen, modi- 
fied Kessler etc.) cannot be placed in the 
distal tendon end through that window, 
so both it and the next window distally 
must be opened — a combined window 
repair. 

Even the peripheral running suture 
cannot be inserted through that window 
so that the major part of the work must 
be done in the next window — a distal 
window repair. 

If the superficiaJis is lacerated over the proximal pha- 
lanx where its two parts are wrapping around the pro- 
fundus to reach their insertion, care should be taken to 
recognize the sinister effects of the superficial* spiral**. 
After complete laceration the spiral unwinds so that 
both ends move from their correct orientation which is 
in the sagittal plane to lie in the coronal plane of the 
finger. The problem arises because the two ends un- 
wind in opposite directions. If repaired as they lie, 
where the flat ends, when approximated, look decep^ 
tively correct, the smooth tunnel they formerly created 
for the profundus will be grossly distorted. 

EXTENSOR TENDONS 

The distal ends can be identified by the action produced 
on traction, bearing in mind the effect of the inter- 
tendinous connections. 
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and blood staining should be thoroughly pursued and 
explored for this frequently reveals partial injuries. 



Fig. 1.151 In this clean-cut laceration of all the extensor 
tendons at the wrist, the variation in cross-sectional 
dimension, in angle of cut and in the length of the various 
tendons can be seen. . 


The proximo! ends can be classified into groups if they 
remain in their compartment beneath the extensoi reti- 
naculum or if dicy can be replaced there with con- 
fidence by tracing them into the sheath from which 
they have retracted. Which tendons come through 
which compartment can be recalled by using Table 1 . 1 
(p. 16). Further identification depends, as with the 
flexor tendons, on studying: 

cross-section 
angle of cut 
length {Fig. 1.151). 


PARTIAL DrvTSIOM OF TENDONS 

This may not have been revealed on examination 
(p. 30) but may subsequently result in tendon rupture 
if not repaired. Where some tendons have been totally 
divided this gives a strong clue as to the site of any 
partial divisions inflicted on others. Partial divisions 
of tendons should be sought by inspecting each tendon 
in the vicinity of the skin wound along as much of 
its length as can be delivered into the wound by full 
flexion of all joints with traction alternately directed 
both proximaUy and distally. The traction should be 
exerted by gripping the tendon with a gauze swab 
moistened with saline or by the use of a smooth sharp 
tendon hook. This process should be repeated ai all 
wounds for all tendons regardless or whether or not 
they have already been found to be divided in one 
wound. Injuries at multiple levels do occur and may 
be missed, especially if the division is only partial at one 
of them. It is worthy of re-emphasis that all blood clot 


ABRASION AND AVULSION OF TENDONS 

Such injuries, especially of the extensors, are not un- 
common in industrial and road traffic accidents. Much 
raw tendon is exposed to which adhesion can occur and 
the chance of successful function following primary 
repair is considerably less than it is in tidy lacerations. 

Where the extensor tendon has been only partially 
abraded, the paratenon is lost and the blood supply 
of the tendon compromised. Gross contamination is the 
rule rather than the exception. These considerations 
apart, however, such unpromising material often does 
surprisingly well, although later tenolysis is very likely to 
be required. If satisfactory skin cover can be obtained, 
therefore, the tendon should be thoroughly cleansed, 
loose ends trimmed away and the tendon retained. 

Tendons which have been avulsed are often found lying 
dangling from the wound in crush and roller injuries. 
However, their substance is often remarkably un- 
damaged and if there is a chance that the part on which 
they act can be salvaged, they should be cleansed and 
sutured back in place, cither from whence they came or 
to an adjacent motor better preserved, for they are diffi- 
cult — and in some instances impossible — to replace. 

MLS CLE 

Muscle bellies are frequently injured in crush and avul- 
sion injury. Dead muscle is an ideal medium for the 
growth of anaerobic organisms. At exploration the iden- 
tification and excision of all non-viable muscle is there- 
fore imperative. This is done using three criteria. 

Appearance. Due to venous congestion and oedema, 
the muscle which is probably non-viable bulges from 
its fascial covering and has a dark plum-red colour 
contrasting with the brownish red of adjacent normal 
muscle. 

Twitch. When normal muscle is grasped gently with 
toothed dissecting forceps, it twitches. Dead muscle 
does not. This test is valid regardless of the agents being 
used by the anaesthetist, but twitch decreases progres- 
sively with tourniquet ischaemia. 

Perfusion. Especially in macroreplan ration, it is im- 
portant to know whether muscle in the amputated part 
will be perfused after vessel repair. Therefore, perfusion 
through the major artery is undertaken before replan- 
tation with heparinized Ringer's lactate. Any muscle 
which does not ooze lactate is excised. This practice has 
markedly increased survival and decreased infection. It 
is equally applicable in revascularization. 
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INDICATIONS 

Primary repair of all injured tendons, regardless of the 
site, offers the best chance of speedy return of good 
function 4W ■* 71 . Contraindications are few. They include: 

Loss of a segment of tendon — best judged by approxi- 
mating the ends and assessing the resultant posture. 
Joint injuries of such severity that they preclude early 
motion. 

Fractures which cannot be accurately reduced and se- 
curely fixed. 

Shvi loss which requires distant flap coverage. 

This is not the place to detail technique and post- 
operative management, only to stress that meticulous 
attention to these details is imperative if this philosophy 
is to prove successful. 

Distal injuries of flexor digitorum profundus. Tendon 
advancement was commonly practiced in the past, with 
limits ranging from 0.75 to 2.5 cm. Attempting to re- 
solve the issue, one cadaveric study determined that 
1 cm was the maximum permissible shortening 472 . 
Any advancement risks the development of a quadriga 
syrrdrontc (p. 174). Rather, direct repair should be un- 
dertaken in all cases. Repair of an avulsion of the pro- 
fundus, which is often diagnosed long after injury, can 
be performed after various delays which depend upon 
the level at which the tendon has arrested proximally 
(p. 36). If repair has been left undone for too long, and 
the joint becomes unstable, fusion of the distal inter- 
phalangeal joint is indicated 473 . 

Although there is debate on the matter 474 , partial 
tendon injuries should be repaired to avoid later trig- 
gering, entrapment or rupture 475 (Fig. 1.1 52). 
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Muscle lacerations should be repaired with the ex- 
pectation that useful, but not normal" 76 , function will be 
regained. S uture of muscle is sufficiently difficult in 
som e instances that tendon grafts should be used to ^*- 
strengchen the repair 

5ee Lxreen U r* iy93 Operative Hand Surgery, 3rd 
edn. Churchill Livingstone, New York, pp. 1827, 1937. 


Fig. 1.152 This patient was explored secondarily because of 
lack of motion in a previously lacerated finger. He was found 
to have a partial laceration which was locking on the A2 
pulley, preventing motion. 


LACERATION 

Where sensory and motor loss of characteristic distribu- 
tion has been demonstrated on initial examination, ex- 
ploration usually reveals a clear division of the nerve. 
Being softer and rather more adherent to adjacent soft 
tissue, nerve ends are somewhat less easy to locate than 
are the firmer tendon ends. The proximal end of the 
ulnar nerve divided at the wrist tends to adhere to the 
deep, radial surface of flexor carpi u maris and during 
exploration of the wound tends to be retracted with it. 
Likewise, the proximal end of the median nerve divided 
somewhat higher adheres to the deep surface of flexor 
digitorum superficialis. The ulnar nerve is further ob- 
scured by the more superficial and anterior ulnar artery 
with which it constitutes a neurovascular bundle in- 
vested by adipose tissue. Any difficulty encountered in 
locating nerve ends should be overcome by applying the 
rule which is absolute in secondary exploration — one 
must always dissect from normal tissue towards the 
injury. Thus in seeking out the end of a lacerated struc- 
ture — and this is especially true in difficult exposures 
such as the upper forearm or the deep spaces of the 
hand — the incision should be extended adequately and 
the nerve, or vessel, displayed in uninjured tissue 
and traced from there. In applying this maxim to an 
injured nerve, there is clearly more hazard in dissecting 
the distal nerve end from distal proximally, for 
branches will be encountered and must be protected 
and incorporated in the nerve as the surgeon advances. 

Once the ends have been located, correct orientation 
is essential in mixed nerves if the fullest recovery is to 
follow nerve suture. This is achieved, using magnifying 
loupes, by: 

1. Matching blood vessels. 

2. Drawing a fascicular plan (Fig. 1 .153): gripping the 
epineurium with very fine forceps, the nerve 
endings are rotated so that they can be examined 
either through strong loupes or the operating 
microscope. The fascicular bundles are of different 
size and, if the microscope is being used, can be 
seen to consist of a differing number of fascicles. A 
plan should be drawn of each end in turn, either 
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PROXIMAL 


DISTAL 




Fig. 1.153 This is a sketch of the fascicular bundles of the 
proximal and distal ends of a severed median nerve. It will be 
seen by comparing the size and number of fascicles contained 
in each bundle chat accurate matching can be undertaken. 



Fig. 1. 1 54 Partial laceration of a median nerve injury. 
Primary repair is mandatory. 


mentally or using a sterile pen and paper, and then 
the two ends matched. 

3. Knowledge of the normal internal anatomy of the 
peripheral nerves 4 ™' will aliow one to predict the 
location of certain nerves, such as the motor 
branches of ulnar and median. If the similarity in 
size, shape and fascicular content is not recognized 
by the techniques in (2) above, this knowledge will 
help to orient the proximal end. The distal end can 
be mapped by tracing the relevant motor branch 
proximally from its actual take-off to the site of 
injury. 

4. Electrical stimulation of the proximal stump 4 * 2 * 4 "* has 
not gained wide use as it involves a 'wake-up' 
general anaesthesia technique. 

5. Hiswchemical identificaiioti***'* 9 * of motor and 
sensory fascicles is theoretically of most value where 
a nerve defect has to be grafted. While logical, there 
is no clinical evidence as yet that this is beneficial. 

Indications 

Primary or secondary repair of nerves has been the sub- 
ject of some controversy. T he ease of matching in th e 
fr esh injury 3 the im practicality of perform ing a delayed 
re pair when tendons have been sutured primarily and 
the increased tension which results from the greater re- 
eciion of nerve end necessary in secondary repair has 
made primary epineural suture 4 *** 87 , supplemented 
where ne cessary by fascicular aligning sutures , the 
od of choice for the author. There is also ex- 
perimental evidence that the results are superior 1 " 
following primary repair. Partial nerve lacerations 
(Fig. 1.154) must always be repaired primarily, for 
separating intact from divided fascicles secondarily is 
an inexact science. , _ _ 




Fig. 1.155 A fracture of the ulna was inflicted on this child 
when she came between victim and assailant. The exploration 
revealed an injury of the ulnar nerve due to bone fragment 
The nerve damage was sufficiently well localized as to justify 
primary nerve graft. 


Where a defect exists in the nerve primary grafting 
should be performed only when the surgeon is confi- 
dent that he is joining good nerve, that the skeleton is 
well stabilized, that the nerve graft has soft dssue cover 
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which is wclJ-vascularized and that healing will occur 
per prim am (Fig. 1.155). 

If any doubt exists as to the quality of nerve present- 
ing for repair, it should be left and explored once the 
wounds are healed. An unsatisfactory suture does the 
padent a disservice because several months will pass 
before a decision will be taken to explore a nerve which 
is recorded as 'repaired* in the initial operation note. 
When it is elected to wait, there is some merit in 
attaching the nerve ends one to the other to prevent 
retraction and thereby shorten the gap. 

Considerations of splintage following surgery clearly 
have no place in this text, concerned as it is with diag- 
nosis and indications. However, the reader may perhaps 
excuse one observation. It is common practice to splint 
to protect a nerve repair, for example, wrist flexion 
following median nerve suture. This may be unwise, 
for scar will form to adjacent tissues which will then 
place traction on the nerve with wrist extension, and 
wiJl limit the necessary longitudinal excursion present in 
all nerves with wrist motion 489 . It may be wiser perhaps 
to splint against the nerve repair to a degree which 
peroperative inspection shows that the repair can sus- 
tain. With the radial cutaneous nerve, so prone to pain- 
ful neuroma formation, it is the author's practice to 
splint in full ulnar deviation provided the repair remains 
secure. 

See Green D P 1993 Operative Hand Surgery, 3rd 
edn. Churchill Livingstone, New York, p. 1320. 

avulsion 

Where a nerve has been avulscd the injury is inflicted at 
differing levels in different fascicles and traction damage 
occurs both proximal and distal to the obvious division. 
This is revealed by several observations: . 

The ends, both proximal and distal, are much thinner 
than expected or indeed than is the nerve itself when it 
is dissected out further away from the wound. 
The ends frequently overlap. 

When inspected with magnification the nerve can be 
seen to be the site of multiple sub-epineurial haemor- 
rhages for some distance from its end. 

Suture carries a greariy reduced hope of full function, 
although superior in children compared to adults 490 . 

CNJURIES IN CONTINUITY 

When characteristic sensory and motor loss have been 
found on examination, but, despite exhaustive explora- 
tion of all wounds, the nerve in question is found to be 
intact an axonoimesis or neuraproxia — Sunderland in- 
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paries types I and II — (p. 42 and p. 241) has been 
sustained. In order to facilitate possible secondary 
neurolysis, the exact site and extent of any bruising or 
swelling of the nerve should be recorded at exploration. 
If such swelling is significant, primary epineurotomy 
may reduce nerve damage and speed recovery. 

Traction injury 

A long section of the nerve is damaged in traction inju- 
ries; it is swollen throughout to a varying degree and 
considerable quantities of extravasated blood may be 
visible through the epineurium. If this is creating ten- 
sion, evidenced by induration of the nerve on palpation, 
then it should be released by incising the epineurium. 

Compression 

Prolonged compression sufficient to produce lasting 
nerve disturbance is an unusual primary injury but may 
be found during exploration of an acute carpal tunnel 
or compartment syndrome. In the latter situation the 
nerve injury corresponds exactly to the extent of the 
forearm muscle bellies. The nerve is constricted, pale 
and avascular. 

In all injuries in continuity, the significant point is 
whether or not the continuity of the axons themselves 
has been broken. The two possibilities have been given 
distinct names and the prognosis differs considerably 
(p. 241): 

Neuraproxia. Axons intact; prognosis: early, full 
recovery. 

Axono tmesis. Axons divided; prognosis: late, possibly 
incomplete, recovery. 

It is not possible to distinguish between the two at the 
time of primary injury. Nerve conduction studies are of 
no value in making the distinction until some 48 hours 
to 8 days after injury, when conduction distal to the site 
of injury will remain only in the neurapraxia (the time 
until loss of distal conduction differs in various studies). 

Vessel 

Named arteries in the region of injury should be in- 
spected, both under tourniquet control and after its re- 
lease. Lacerations in large -vessels should be occluded 
proximally and distally with bulldog clamps and in 
small vessels with microvascular clamps. In the large 
vessel it is also prudent to dissect out the next most 
proximal branch and place a soft sling around the main 
vessel just above to afford immediate control should a 
clamp slip. The tourniquet should then be released and 
the speed of arterial inflow through other vessels to the 
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region served by the lacerated one assessed before the 
choice between vascular repair and Ligation is made. 

Viability should not be the only criterion of the need 
to perform a vascular repair as relative ischaemia may 
produce later disability. Radial or ulnar arteries at the 
wrist should be repaired if the division is clean and the 
injury otherwise suitable. Studies have shown that ap- 
proximately half of the vessels repaired at the wrist will 
remain patent, that there is no absolute determinant of 
the need for repair, but that eventual patency will be 
more likely when the back pressure in the distal cut end 
is low and the hand is relatively ischaemic <w, ** m . Most 
fingers have a dominant digital artery as evidenced by 
the calibre of the vessel. The larger vessel is usually on 
the ulnar border of the thumb, the index and middle 
fingers and on the radial border of the ring and small. 
Where only one has been divided it should be repaired 
if experience is available both to judge that it is of 
significant calibre and to perform the microvascular 
repair. When neither carries flow, the finger is likely to 
be non-viable and vascular reconstruction is essential. 

Partial lacerations are especially likely to produce con- 
siderable blood loss as haemostasis cannot be effected 
by the usual means of vessel retraction (p. 45). 

Torsion and compression of vessels may result in 
marked spasm and this may persist despite removal of 
the cause. The vessel should be observed until the 
spasm settles. This may be encouraged by the appli- 
cation of a stream of warm lignocaine 20% 495 , or, as 
reported from one institution, phosphoenolpyruvate 496 . 
Where ic does not resolve in vessels of consequence, 
flow should be restored by exploratory arteriotomy and 
replacement with a reversed vein graft where significant 
damage to the vessel is found. 

Where vascular repair is to be performed, three major 
fectors influence the outcome and these should be as- 
sessed during exploration. 

1. Proximal flow. On release of the tourniquet it is 
probable that there will be no flow evident, due to 
vasospasm and a small terminal thrombus. These 
problems should be overcome by dilatation of the 
vessel after resection of its cut end. This should 
result in brisk, pulsatile bleeding of considerable 
force which does not reduce provided the vessel is 
held out to length (Fig. 1 .156). As a simple guide to 
desired force, blood from a digital artery should 
reach the end of the hand table, from the radial or 
ulnar it should reach the near side of the nurse's 
table and from the brachial artery the far side! 
2. Uninjured vessel ends. These should be inspected 
under magnification appropriate to the vessel size, 
seeking any evidence of indmal damage or 





Fig. 1 .1 56 A- Exploration of this wou nd revealed a 
traumatic aneurysm due to a partial laceration in the ulnar 
artery. B. After application of clamps and controlling slings, 
resection revealed good proximal flow. C. Direct anastomosis 
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separation, of intramural or intraluminal thrombus 
or of vessel disease. 
3. Good run-off. The amputated part of the limb distal 
to the vascular injury should be examined again for 
any evidence of injury likely to involve the distal 
vessel. The vessel distal to the injury should be 
exposed for a length which varies according to the 
degree of avulsion thought to be involved in the 
trauma. That vessel should be inspected for any 
evidence of damage, and in particular for: 

(i) thrombus 

(ii) avulscd branches — the repair should be 
performed distal to the first intact branch 
encountered 

(iii) intimal tears, which can be seen through the 
wall as transverse areas of discoloration and 
which can be felt as irregularities with micro- 
forceps moved gently along the vessel lightly 
gripped. 

(iv) the 'ribbon sign* 4 " — this a series of curls in the 
course of a vessel normally straight, similar to 
those which can be produced in ribbons by 
pulling them firmly through a constriction. It is 
a sign of irreversible vessel damage. 

Any damaged vessel must be resected and replaced by 
a suitable substitute, usually vein although arterial 
grafts' 1 *" arc superior in the following circumstances 
(Fig. 1.157): 

1 . Long defects, commonly encountered in 
revasculariza lions 

2. Where the defect is between a large-calibre vessel 
and one or more of small calibre 

3. In thumb replantation in which a long bypass from 
the radial artery improves exposure. 

The arterial grafts are obtained from the posterior inter- 
osseous artery or the subscapular tree. 

Skin 

The possibility of deep damage underlying apparently 
innocuous puncture wounds has been emphasised. 
They must be explored to their full extent using a probe 
and the presence of blood staining as guides. 

INJECTION INJURIES 

The urgency required in handling similar small wounds 
due to high compression injection***'™ 1 cannot be stressed 
too strongly. Such injuries may inject any number of 
substances — paint 505 " 506 , grease*", hydraulic fluid, 
molten plastic 508 are only the most common. The 
distance injected is a function of die pressure in the 





Kg. 1.157 Arterial graft A. This patient presented with 
dcvasciilarizanon of the fingers following an untidy, ill- 
defined crush injury m the hand. Conservative management 
was undertaken with respect to rhe debridement and skin 
cover. B. A graft taken from the subscapular tree was used to 
re vascularize the digits. The subscapular artery was 
anastomosed to rhe ulnar artery (left of the field), the 
circumflex scapular co the deep palmar arch and two branches 
of the thoracodorsal artery to the common digital arteries to 
rhe second and fourth spaces respectively. C. Saris factory 
revascularization was achieved. 





Shoulder Surgery 


Edited by 

Stephen A Copeland frcs 


Consultant Orthopaedic Surgeon 
Royal Berkshire & Battle Hospitals NHS Trust 
Royal Berkshire Hospital 
Reading 


l-Jt, 


Be 


..." 

-gt,;.'--;- 


MP- 


■' * 

: • : ■■ 


' * • ♦ 

s& v.. 


ft 


WB Saunders Company Limited 

London Philadelphia Toronto Sydney Tokyo 



jsujoisno psn|SA 


d Zi:iO 90 SO 6ny 




Us: 
is?: 

>"*<;;: 

1 ! ' 

• * 


'••5?' 


: I"* 

t; •,*, 

?V 

►SI.* , 

rW .1 

i ft I 
^ i-'- 

■V: . 


W. B. Saunders Company Ltd 24-28 Oval Road 

London NWl 7DX 

The Curtis Center 
Independence Square West 
Philadelphia, PA 19106-3399, USA 

Harcourc Brace Sc Company 
55 Horner Avenue 
Toronto, Ontario M8Z 4X6, Canada 

Harcourr Brace & Company, Australia 

Srnidmore Streer 
MamckviUe. NSW 2204. Australia 

Harcourt Brace * Company, japan 
Irfubancho Central Building. 22-1 Ichibancho 
Chiyoda-ku, Tokyo 102. japan 

1997 W.B. Saunders Company Ltd 
This book is printed on acid free paper 

Z^T^t N ° Pm ° fthis P^Ucadon may be 

24-28 Oval Road. London nVi 7DX ^ ^ Ud ' 
A catalogue record for rhis book is av.lablc from rhc Bncish Library 
ISBN 0-7020-2063-X 

Typeset by Pascon Press Lrd. Loddon. Norfolk 
Printed m Great Britain by The Bach Pre*, Bath 


m 



WL l-ZOf 939 


jeiuoisno panieA d€i:i0 90 £0 6nv 



RoBSr Cuff Repair 231 


mion. Traditionally, the amount of acromion 
removed has been approximately 7-8 mm in 
thickness and should extend posteriorly approxi- 
mately one-quarter to one-third the length of the 
acromion. Recent work in our laboratory, how- 
ever, suggests that this may be too much bone and 
that only 4-5 mm of bone resection is necessary. 
The emphasis should be on contouring a smooth 
undersurfacc of the acromion for contact. The 
wedge of bone excised should, however, consist 
of the full width of the acromion from the medial 
to the lateral border and it is then cut free of the 
attached soft tissue by sharp dissection. The thick- 
ness of the acromion can then be palpated 
between the index finger and thumb. A double- 
action laminectomy ronguer, rasp or burr can be 
used to smooth the undersurface of the remaining 
acromion and remove any remaining uneven 
ridges of bone. In most cases, a properly per- 
formed aero myoplasty removes a portion of the 
acromial aspect of the acromioclavicular joint, 
often leaving the undersurfacc of the distal clavicle 
quite prominent; these rough edges should then 
be smoothed with a rasp. This completes the 
modified acromioclavicular arthroplasty which 
widens the subacromial space medially. If the 
entire distal clavicle needs to be removed, this 
can be performed from underneath with a burr or 
ronguer. Approaching the acromioclavicular joint 
from below prevents violation of the superior 
acromioclavicular ligaments, helping to preserve 

stability of the joint. 

It is important to re-emphasize that lateraljor 
radical acromionectorny should be avoided. 
This procedure deforms the deltoid by removing 
its site of ongin. Without this normal site of 
attachment, the deltoid is weakened and shoulder 
function is severely compromised. Transacrormal 
approaches can also weaken the deltoid or result 
in non-union and are not recommended. In 
addition, decompression is technically difficult to 
perform from this approach. 

Rotator cuff repair 

Attention is now turned towards mobilizing the 
torn rotator cuff tissue. The biceps tendon is 
inspected to see whether it is intact, frayed or 


4- 


torn. The oblique course of the biceps tendon 
runs just beneath the rotator interval tissue which 
is formed by the junction of the supraspinatus and 
subscapularis tendons. If intact, the biceps is left in 
its groove and not transposed posteriorly. In rare 
situations, the intact tendon can be incorporated 
into the rotator cuff repair to help provide addi- 
tional tissue coverage. If the biceps tendon is tom, 
the proximal stump can sometimes be used in the 
repair and the distal stump is tenodescd in the 
groove if it has not fully retracted distally into the 
arm. 

The leading edge of the rotator cuff tear is then 
idenoE ea and sutures are placed into the medial 
^pTT-nf A* tear. Zero or n^Tl non-absorbab le OQ 
suraresa rTuseTAn elevator is then used to sweep V^M S 
the supemS^nispect of the bursa beneath the 
coracoid in the area of the subscapularis. It is 
important to remove only the superficial bursa, as 
the deep bursa may provide blood flow to the 
edges of the torn rotator cuff. Minimal tissue is 
debrided from the leading edge of the tear, as it 
has been shown that this tissue docs have blood 

supply 4546 . V&\&2 

The cuff is then mobilized from anterior t<5~ 

posterior in a sequential fashion. Multiple «ay v / 
sutures are placed at the visible edge ot tne tom^X 
tendonsjtatemal rotation and extension of the 
free arm"help to provide access to the posterior 
tissues. The posterior aspect of the cuff is also 
more accessible because of the 'more posteriorly' 
placed deltoid split. Attention is initially turned 
towards the bursal surface of the cuff A periosteal 
elevator or scissors can be used to mobilize the 
cuff and its associated bursa from the undersurface 
of the acromion. It is important to emphasize that 
the undersurface of the acromion is a common 
location for cuff and bursal adhesions and this area 
should be released before the acromioplasry to 
prevent inadvertent extension of the tear. Gen- 
erally, though, these adhesions are underneath the 
posterolateral aspect of the acromion and die 
deltoid muscle, and become more apparent after 
the acromioplasry is performed. T he stay sutures ^, - 
previ ously placed are used to a dvancejhejorn 
^agToTtnel-otator cutt anteriorly. T o gain addi- 
tional posterior exposure, the humeral head can 
be depressed with a blunt retractor while in a 
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position of internal rotation and extension. After 
complete bursal surface release and exposure, the 
posterior tissues are assessed to determine the full 
extent of the tear. Usually a portion of die 
infraspinatus and/or the teres minor remain 
attached to the humeral head. The surgeon 
should be careful not to remove these during 
attempts at mobilization and release of surround- 
ing adhesions. 

Attention is then turned towards mobilization 
and release of the undersurface of the rotator c uff 
The undersurface is commonly scarred to the 
glenoid rim and base of the coracoid. Undersur- 
face release is generally carried out blundy with an 
elevator. Sharp dissection may be carried out with 
scissors, but this should be performed with cau- 
tion. If scissors are used, spreading is more advi- 
sable than cutting in the posterior aspect of the 
cuff, especially near the base of the scapular spine 
in the vicinity of the suprascapular nerve. After a 
complete and systematic release of the undersur- 
face of the cuff from posterior to anterior, the 
excursion of the torn tendons is assessed by pulling 


on the stay sutures. To ensure a successful repair, 
the edges of the torn tendon should reach the 
anatomical neck of the humerus with the arm in a 
functional position of 10-15° of forward elevation 
and 10° of abduction. 

There are several manoeuvres which can be 
performed if sufficient tendon cannot be mobi- 
lized to bring the leading edge of the cuff to the 
anatomical neck. The rotator interval and coraco- 
hurneral ligament should be released at the base of 
the coracoid (Figure 23.4). The coracohumeral 
ligament is often contracted, thus inhibiting the 
lateral and distal advancement of the supraspinatus 
tendon. This complete release of the rotator 
interval and coracohumeral ligament at die base 
of the coracoid is termed 'the interval slide', and 
will allow the supraspinatus to be mobilized up to 
1.0—1.5 cm. We have avoided the need to transfer 
the upper portion of the subscapularis by using 
this manoeuvre. However, if the subscapularis 
transfer is performed, it is important not to transfer 
the underlying capsule as this may lead to instabil- 
ity. 




ig. 23.4 (A) To release scarring of the coracohumeral ligament at the base of the coracoid, an interval release is sharply 
performed with scissors beginning laterally and incising directly to the coracoid base. (B) The complete release of the 
rotator interval and coracohumeral ligament is termed the interval slide as the tissues, once incised, axe slid along the 
dotted line, thus mobilizing the retracted tissue in a lateral direction. Sliding the tissues in a lateral direcrion at the interval: 

allows for 1.0-1.5 cm of new length for repair. 
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If more mobilization is required, further 
releases can be performed along the posterior and 
superior aspect of the cuff on the glenoid rim. 
Since we have been releasing the rotator interval, 
however, these manoeuvres have rarelv been 
necessary. When required, capsular release along 
the glenoid rim should be performed bluntly or 
cautiously with scissors, spreading more than 
cutting. Sharp dissection in this area can injure 
the muscle belly of the infraspinatus and/or the 
suprascapular nerve and should be avoided. In the 
majority of cases, these manoeuvres will provide 
sufficient mobilization to allow the torn rotator 
cuff tendons to reach the anatomical neck with 
die shoulder in the desired position. Of note, we 
have not found the use of synthetic material or 
allografts to be helpful in our repairs. With 
mobilization complete, the next step becomes 
the actual repair of the rotator cuff to bone. 

The greater tuberosity is prepared for tendon 
repair by 'scarifying* the anatomical neck area 
with a large curette. A deep trough is not used as 
it increases- the amount of tendon mobilization 
required and has not been found necessary to 
promote tendon-to-bone healing. Multiple drill 
holes (four or five) are then placed into the greater 
tuberosity starting medially in the anatomical 
neck. Corresponding lateral tuberosity holes are 
made, leaving a 1.0-1.5 cm bridge of tuberosity 
bone between the holes and thereby c reating a 
bo ny tunnel for suture repair to bone. Zero or n o. 
1 braided nylon sutures are then passed throu gh 
the tunnels with a curved n eedle . Although sutur e 
a nchors ht- used in thd greater tuberosity, th e 
bo ne may be osteoporotic allowing for potenti al 
pan -out of the anchors. 

7 During the repair, the arm is held in approxi- 
mately 10-15° of flexion and 10° of abduction 
and the sutures are tied over the bony bridges. 
This allows excellent apposition of the bone and 
rotator cuff edge. If an interval slide has been 
performed, the rotator interval should be closed in 
such a way as to realign the mobilized supraspina- 
tus edge further laterally than the corresponding 
subscapularis edge of the interval. If there is a split 
between the infraspinatus and teres minor (gen- 
erally the 'apex' of the tear), this should also be 
closed. The sidc-to-side c apex stitch' should be 


sutured before reap proximat ion of the distal edges 
of the tear to allow proper restoration of the 
intratendinous relationships of the posterior cuff. 

If there is a large or massive cuff tear with 
deficiency of die superomedial aspect of the 
coracoacrorrual arch, the preserved coracoacro- 
mial ligament is now reattached medially, As 
mentioned, this provides a superomedial buttress 
which may provide restraint from superior migra- 
tion of the humeral head. The deltoid is then 
meticulously repaired to the cuff of strong deltoid 
origin which was preserved, and the stay suture in 
the distal deltoid split is removed. If the cuff of the 
deltoid origin tissue is of poor quality, drill holes 
are placed in the acromion and the deltoid is 
repaired directly to bone. A few subcutaneous 
absorbable sutures arc placed followed by a sub- 
cuticular skin closure with an absorbable suture. 
The arm is immobilized m a sling and swathe for 
approximately 24 h. We do not use abduction 
braces, as we feel this tends to put the arm in too 
much extension, increasing tension across the 
repair. The swathe is removed at 24 h and precise 
range of motion exercises arc initiated. 

Rehabilitation 

In large and massive tears, the normal Neer Phase 
I Rehabilitation Program is altered. In the first 6 
weeks, only three exercises are performed. These 
include pendulum exercises, supine external rota- 
tion using a stick to 30°, and assisted passive 
forward elevation to 140°. We like to avoid 
extension and pulley exercises in the first 4—6 
weeks, as this puts stress across the rotator cuff 
repair. Isometric and active assisted exercises are 
usually started at the 6— 8- week period. These 
generally begin with active supine external rota- 
tion, theraband exercises and active supine for- 
ward elevation. Once these exercises arc 
performed, erect forward elevation with the help 
of a stick is started. This is performed initially with 
a stick alone, then followed with weights of 1-5 
lbs. A hand weight can then be used in the supine 
position to raise the arm. Weights can be 
increased to 3 lbs but should not increase past this 
weight to avoid placing undue stress on the cuff 
repair. Once these exercises can be performed 
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has been suggested. One contributing mechanism is 
the hypovolemia and wound hypoxia that generally 
follow dialysis procedures. 

Diabetes Mellitus 

Healing in normally perfused tissue proceeds in 
the usual manner in well -controlled diabetics. How- 
ever, both poor healing and infection are serious risks 
if good control is not maintained. Excessive hypergly- 
cemia in the first week after wounding is particularly 
dun aging, and control of blood sugar should be fairly 
precise during that time. Hypoglycemia is also a 
hazard. Therefore, patients with severe diabetes are 
best managed with insulin and glucose infusions for 
ThE*Trrsr r rewlra>V c^'XhrapterS ;.'?tovn>tis)y ,T5ernhi- 
eral ischemia due to diabetes impairs healing. 
Obesity-related diabetes seems to interfere with repair 
independently of insulin therapy. 

Oxygen, Anemia, & Perfusion 

Wounds in ischemic tissue heal poorly and often 
Dot at all. Any decrease in oxygen supply to the wound 
impairs collagen deposition, angiogenesis, and 
epithelialization, and increased oxygen delivery can 
accelerate healing to faster than normal rales. In- 
creased inspired oxygen (Fio 2 ) appisars to increase the 
take of skin grafts. Oxygen supply may be com- 
promised even in the absence of vascular disease by 
hypovolemia, vasoconstriction, or even sutures that 
have been tied too tighdy 

One might expect that anemia would also exag- 
gerate hypoxia in wounds. In fact, this is not usually 
ttvkt. ftypvwteffjvvc -HVtCTAfe ?£fczte> wpaw , feuA razz - 
movolernic anemia does not as long as the hematocrit 
stavs above about 15%. The P Q , of arterial blood 
rather than the oxygen content of blood reaching the 
wound is its principal determinant of oxygen supply, 
since oxygen tensions and collagen synthesis are nor- 
mal in wounds in anemic bul normovolemic animals. 
Furthermore, increasing arterial Pq 2 above the 
hemoglobin-oxygen dissociation curve enhances col- 
lagen synthesis far beyond the effect to be expected on 
the basis of increased oxygen volume delivered. These 
statements may be inapplicable if normal compen- 
satory mechanisms such as response to 2,3- 
bisphosphoglycerate (diphosphoglycerate, DPG) or 
increased cardiac output are impaired. 

Tissue perfusion is the final common de- 
nominator of wound nutrition and oxygenation. Prob- 
ably the single most common cause of wound failure is 
ischemia and hypoxia doe to excessive tension on 
sutures, causing regional hypoperfusion. Poor wound 
perfusion is not easily detected. Studies of oxygen 
tension in human wounds show that many patients 
(especially after major trauma or surgery) are not op- 
timally perfused. The problem can usually be cor- 
rected by increasing fluid infusions. 

Corticosteroids 

Exogenous anti-inflammatory corticosteroids 
impair healing, especially when started in the first 3 


days after injury. If they are started after 3 days, the 
effect is much reduced. They reduce the intlarnmatory 
reaction and impair subsequent collagen synthesis. 
Corticosteroids impair contraction of open wounds no 
matter when they are given. Their effect on collagen 
synthesis and inflammation does not readily explain 
the effect on contraction. There is some evidence that 
colon repair is not seriously affected by corticoste- 
roids. 

Vitamin A can restore corticosteroid-retarded 
healing toward normal. The effect is clinically useful. 
It occurs with both systemic and local application of 
vitamin A. Systemic use of vitamin A for patients who 
are receiving corticosteroids for control of inflamma- 

vitamin can counteract the effects of the corticosteroid 
on the wound, it presumably may counteract other 
anti-inflammatory effects. 


DECUBITUS ULCERS 

Decubitus ulcers are disastrous complications of 
immobilization. They result from prolonged pressure 
that robs tissue of its blood supply. Irritative or con- 
taminated injections and prolonged contact with mois- 
ture, urine, and feces also play a prominent role. Most 
patients who contract decubitus ulcers are also poorly 
nourished. Pressure ulcers are common in drug addicts 
who take overdoses and lie immobile for many hours. 
The ulcers vary in depth and often extend from skin to a 
bony pressure point such as the greater trochanter or 

♦Ave MCTMT.. 

Most decubitus ulcers are preventable. Hospital- 
acquired ulcers are nearly always the result of in- 
adequate nursing care. 

Treatment is difficult and usually prolonged. The 
first imponant step is to incise and drain any infected 
spaces or necrotic tissue. Dead tissue is then debrided 
until the exposed surfaces are viable and granulating. 
Many will then heal spontaneously. However, deep 
ulcers may require surgical closure, sometimes with 
removal of underlying bone. The defect may require 
closure by judicious movement of thick, well- 
vascularized tissue into the affected area. Mus- 
culocutaneous flaps are the treatment of choice when 
chronic infection and significant tissue loss are com- 
bined. 


SURGICAL TECHNIQUE 

Good surgical technique is the most important 
means of achieving optimal healing. Most cases of 
healing failure are due to technical errors. Tissue 
should be protected from drying and internal or exter- 
nal contamination. The surgeon should use fine in- 
struments; should perform clean, sharp dissection; and 
should make minimal, skillful use of electrocautery, 
ligatures, an d sutures. All these precautions contribute 
to the most important goal of surgical technique — 
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gentie handling of tissue. Even the best ligature or 
suture is a foreign body that may strangulate tissue if 
tied tightly. The skillful operator who uses sutures 
minimally and gently will be rewarded with the best 
results. Good hemostasis is a laudable objective, but 
excessive sponging, electrocautery, and eying of small 
vessels are traumatic and invite infection. 


patients who have impaiifed wound healing. In these 
cases, closures must be itronger to avoid dehiscence. 
A more seq inixlo suTC ttegins with a^ nnuigj>rjnat^ 
tress absoTbable sutu re^pthe posterior sheath, joint 

-rapsnlg , op *iihmnrr«a. T he closure js continued With 


simple or vertical mattress buried retention sutures. / 
^through the fascia i n which the farthest point oTpene^^ 



Wound Closure 

As with many other surgical techniques, the exact 
method of wound closure may be less important than 
how well it is performed. The tearing strength of su- 
Hires from fa scia is no greater than 3-4 kg. There is 
little reason tor use of sutures of greater strength than 
this. Excessively tight closure strangulates tissue and 
leads to hernia formation and infection. 

[f surgeons could foresee the future, dehiscence 
(undesired spontaneous separation of wound edges) 
would not occur, since techniques to prevent it are well 
known. The surgeon can choose the techniques to meet 
the needs and risks of the individual wound (Figs 8-8 
to 8- 10). The most common technical causes of dehis- 
cence are infection and excessively tight sutures: 

The ideal closure for small wounds in healthy 
patients is with fine interrupted sutures p laced loosely 
and conveniently close to the wound edge. In abdomi- 
nal wounds, the peritoneum need not be sutured, but 
posterior and anterior fasciae are sutured with nonab- 
sorbable or slowly absorbable sutures. 

Unfortunately, surgeons often must operate on 


{ration is at least Tern from the wound edge. When the 
tension is placed this far back, the fascial fibers that 
become weakened by postinjury collagen lysis are not 
expected to provide critical support. The lytic effect 
extends for about 5 mm to each side of the wound edge . v ; 
Subcutaneous layers can be approximated by a few ^^/?// 
subcuticular sutures. The skin is preferably closed witHfJk^ ; 
adhesive strips unless bleeding from the wound or an ~ 
uneven surface makes adherence of the strips precari- 
ous, in which case staples are the next choice. With 
this fascial closure, the skin can easily be left open for 
delayed primary or secondary closure. Subcutaneous 
tissues rarely need to be sutured closed. 

Another very secure closure used in difficult ab- 
dominal wounds consists of through- and-through mat- 
tress sutures of No. 22-26 steel wire placed through all 
layers, including skin and peritoneum. They are placed 
about 2.5 cm from the wound edge and 2.5 cm apart. 
With these sutures pulled together to approximate the 
wound edfles . the fascia can be closed with a runnin g 
synt hetic absorbable suture. T he heavy retention su - 
l ureTar* twisted together at nt tup wnnnn to 

coapt the wound edges. Wound edema will make these 



Figure 8-8. Closure of peritoneum with continuous su- 
tures Fascia closure with figure-of-eight sutures >{top) and 
simple \nlm^2!SSSi!P Mom) 13 i,,us,rated - 



A 




Roure 8-9 Types g j retention sutures. Fig ure-o<-eigM su- 
Se7slst i£ above and ^ough-and-T hrough reteauon 
sutures below. 
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^-^Rgure 8-10. Skin closure witfi interrupted subdermal su- 
tures and Sieri-Strips. y/ 

sutures too tight within the next few days, and the 
twisted wires can be partly untwisted to prevent stran- 
gulation of tissue and cutting through of sutures. Plas- 
tic sutures are not recommended for this closure, since 
they cannot be twisted to tighten or loosen as required. 
Sutures strung across the open wound edge act as 
bowstrings and can cut through bowel, r esulting in 
fistula tormation. This through-and-th rough retention - 
closure with very strong wire is painful and should be 
used only when necessary. It is the best method for 
secondary closure of a wound dehiscence. 

In all closures, sutures should be placed as far 
apart as possible consistent with approximation of tis- 
sue. Sutures placed too tightly and too close together 
obstruct blood supply to the wound. In^ most cases of 
- d ehiscence, suture material cuts througn tissue ano is 
ySrj" n ot broKen or untied 

Y it is userui to assessVc 


round risk in advance, so 


rurio asse 

/ that the proper choice of closure can be made easily 
' (Table 8-1). 

Delayed primary closure is a technique by 
which the wound is held open for 4-5 days and then 
closed with skin tapes. The environs of the wound are 
inspected daily to be sure that invasive infection is 
absent, but if there is no need to disturb the dressing, it 
is left in place until the fourth or fifth day, when, under 
sterile conditions, the dressing is removed and the 
wound is closed. During the delay period, angio- 
genesis and healing start, and bacteria are cleared from 
the wound. The success of this method depends on the 
ability of the surgeon to detect minor signs of infec- 
tion. Merely leaving the wound open for 4 days does 
not guarante£_&et-4x will not become infected, and 



some wounds (eg, fibrin-covered or inflamed wounds) 
should not be closed even on the fourth, fifth, or sixth 
day. Ninety percent of wounds managed by delayed 
primary closure should heal without infection. 

POSTOPERATIVE CARE 

The appearance of delayed wound infection — 
weeks to years after operation — emphasizes the well- 
known fact that all wounds are contaminated and that 
the line between apparent infection and apparent nor- 
mal repair is a Fine one. A minor setback such as a 
period of cardiac failure or of malnutrition will often 
allow infection to become established. Most fre- 
quently, however, poor tissue perfusion and oxygena- 
tion of the wound during the postoperative period are 
the causes of weakened host resistance. Maintenance 
of perfusion is the essence of postoperative care; how- 
ever, there are few ways of measuring perfusion of 
subcutaneous tissue and fascia. Urine output, central 
venous pressure, wedge pressures, etc, are all poor 
indices. Better indicators are the speed of capillary 
return (normal: < 1.5 seconds on the forehead or 5 
seconds on the knee), thirst, and postural changes in 
vital signs. New means of measuring perfusion (eg, 
subcutaneous or transcutaneous oximetry and post- 
capillary Pq 2 determinations) are now being used to 
assure good perfusion, and they arc relevant to wound 
management. Proper fluid balance and nutritional 
status should be maintained to ensure the kind of perfu- 
sion that will support repair and resist infection. 

Postoperative care of the wound also involves 
cleanliness, protection from trauma, and maximal 
support of the patient. Even closed wounds can be 
infected by surface contamination of bacteria, particu- 
larly within the first 2-3 days. Bacteria gain entrance 
most easily through suture tracts . If a wound is likely to 
be traumatized or contaminated, it should be protected 
during this time. Such protection may require special 
dressings such as occlusive sprays or repeated cleans- 
ings as well as dressings. 

Some mechanical stress enhances healing. Even 
fracture callus formation is greater if slight motion is 
allowed. Patients should move and stress their wounds 
a little. Early ambulation and return to normal activity 
are, in general, good for repair. 

The ideal care of the wound begins in the pre- 
operative period and ends only months later. The pa- 
tient must be prepared so that optimal conditions exist 
when the wound is made. Surgical technique must be 
clean, gentle, and skillful, and the surgeon and staff 
must be thoughtful and ingenious in protecting the 
postoperative wound. Postoperatively, wound care in- 
cludes maintenance of nutrition, blood volume, and 
oxygenation. Although wound healing is in many 
ways a local phenomenon, ideal care of the wound is 
essentially ideal care of the patient. 
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16 THE HAND 

repair the wound in the emergency room, the reader is 
referred to subsequent sections which discuss specific 
injuries. When the exploration and/or repair is completed 
the skin closure should always be done with care to evert 
the skin edges and avoid a delay in wound healing (Figs. 
5A-5C). Eour or fi ve zero, monofilament nylon suture 
material with a fine atraumatic needle should be used. For 
small children it is permissible to use absorbable sutures 
to prevent the later trauma of suture removal. 

At times it may be best to delay definitive repair of deep 
structures. This is particularly true if there has been 
severe contamination or if the appropriate consultant is 
not available. If the wound is sharp and clean, it should 
be closed and dressed. If contaminated it should be left 
open and suitably dressed and antibiotics started. Even if 
the consultant cannot immediately see the patient, a 
phone consultation may be most useful. 
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Figure 5 

(A) Simple suture (B) Mattress suture (C) Inverting (unacceptable suture) 
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\ with other potentially infected wounds, antibiotics 

I should be given early. 

\ Definitive surgical treatment is recommended foT bites 

{ that are accompanied by er.chyinosis. Incision of the skin 

\ with excision of all hemorrhagic: tissues with a 5-mm 

\- margin is advisable. Vila! sin: rimes such as tendons, 

i nerves, and vessels should be preserved. The wound can 

! be closed if all tissues appear well vascularized, but it 

there is any question of viability, the wound is left open. 
* After 4 or S clavs, t he wound is inspected under anesthesia 

and closed by rlplayfidjrinian- suturing or skin grafting. 


EXTENSOR TENDON INJURIES 

Due lo their superficial location, extensor tendons may be 
injured either by lacerations on the dorsum of the hand 
and fingers or by closed trauma to the angers. The nature 
of the disability depends on the level of the injury. 

The most distal injury is at the DIP joint and is called 
a mallet deformity. It may be due to fracture (see Ch. 5), 
to tendon disruption from its insertion, or to laceration. 
Mallei, fingers due to tendon disruption are best treated by 
splinting the joint in full extension (but not hyper- 
extension) for 8 weeks [Fig. 41) while leaving the PIP joint 
free. Use a padded aluminum splint (commercially 
available) or a tongue blade cut to the proper length and 
lined by 5-mm thick foam padding (Reston). Although the 
splint may be placed either on the dorsal or palmar 
surface of the digit, it is generally more comfortable and 

more effective on the dorsum. 

If the distal tendon is lacerated and both ends can be 
identified, they should be repaired. The surgery may be 
done under digital block anesthesia (see Ch. 2) and is 
greatly facilitated by wound extension. The repair may be 
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d one with a variety of fine suture materials, but 5-0 nylon 
is recommended. S ilk should not be used as it is too 
reactive. A horizontal mattress suture (Fig. 42} is very 
useful in this situation. An internal splint in the form of 
a fine K-wire (0.028 or 0.035 inches] passed across the 
fully extended DIP joint is better than an external spbnt 
on a fresh wound. This is an adjunct to an external splint 
and does not replace it. It is recommended that this be left 
in place for 8 weeks. After removal of the wire, an external 
splint is continued at night for approximately another 4 
weeks. 

Either a closed or open injury over the PIP joint may 
result in a boutonniere deformity (see The Hand: Ex- 
amination and Diagnosis, 3rd. Ed.). In the pathophysiol- 
ogy of this lesion, the central extensor mechanism is 
lacerated or ruptured and the lateral bands, which 
normally lie dorsal to the axis of rotation and therefore 
extend the joint, fall volar to this axis and become 
paradoxical flexors of the PIP joint. This causes the 
extensor mechanism to shorten and thus h}'perextend the 
distal joint. The early diagnosis of this problem can be 
somewhat elusive in the closed situation unless the 
possibility of a boutonniere deformity is considered. 
Typically the patient presents with the history of having 
"jammed" the finger, and the area of the joint is swollen. 
Because of the swelling the diagnosis may not be apparent 
at once. If the diagnosis is suspected, splint the PIP joint 
in full extension (Fig. 43) leaving DIP and MCP joints free. 
If, as the swelling recedes, the patient proves not to have 
disrupted the extensor mechanism, little has been lost. 
But if the diagnosis is correct, a very complex and difficult 
to repair lesion has been avoided. Closed boutonniere 
injuries will usually respond successfully to closed 
treatment provided it is instituted early. 
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Figure 43 (A&B) 

A boutonnierc splinl 


Open injuries causing a boutonniere deformity are 
easier to diagnose because one can l oolc io the wound and 
see the te ndon en as. The repair technique is a horizonta l 
mauress suture using 4-0 or 5-0 nylon [F ig, 42). The 
postoperative fixation is with the same type of splint as 
used for the closed injury. It may be supplemented by a 
K-wire transfixing the joint to facilitate wound care. In 
either case the repair should be splinted for about 6^ 
weeks. 

Lacerations to the extensor aponeurosis between the 
MCP and PIP and PIP and DIP joints are usually not 
complete. At the time of exposure and repair the surgeon 
can gauge the amount of stress placed on them by flexing 
MCP, PIP, and DIP joints and judging which of these joints 
need to be immobilized. In some cases a forearm-hand- 
digit splint in the intrinsic plus position (see Ch. 3) will 
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be necessary, and in others a digit splint will suffice. Jn 

t hese lacerations a running suture of nylon i s very useful. 

Kowever, if there is no tendon separation on active or 
; passive motion, a splint alone may suffice. 

In the digits, retraction of the tendons is not much of a 

problem, and the ends can be recovered by minimal 
! wound extension. As one moves onto the dorsum of the 

hand, retraction becomes more of a problem, and recover- 
ing the proximal stump, even at the distal metacarpal 

level, can be quite taxing. I f the ends can be found eas ily, 

suture ma terial and techniques already described above 4*^ 
^aie satisfactory. 1 1 the proximal end cannnr Hp rearfily 

found, the wisest course is to close the wound and make 

arrangements for repair under high regional or general 

anesthesia in an operating room. Following repair of 

tendons at hand and wrist level a forearm-hand- digit 

splint is required. In general the intrinsic plus position 

previously described is used with perhaps only 30° of 
' MCP flexion. The splint should be utilized for about 3 

weeks. 
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Figure 41 (A& B j 
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figure 42 

Technique of a hori Mntaf 
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Minor Surgical XP< 
Techniques *A 

Robert E. Condon 



Rg. 24-1. Placement of elective skin incisions. When making an elective incision 
Tor the removal of a skin or a subcutaneous lesion, a better cosmetic result is 
obtained if the incision is placed in the lines of skin tension. The shoulder cape, 
just below the suprasternal notch, and the upper hack just below the neck, as 
indicated by the areas of shading, are zones in which widening of the scar is likely 
to occur due to motion and tension in multiple directions. 
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Wide undermining 
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Closure without tension 


Incorrect 


Jagged 
laceration 




Wide, untidy scar 


Fig. 24-2. Suture ol scalp and skin lacerations. Never shave eyebrows or the 
scalp: it Is usually not necessary to shave around any laceration. Smear sterile 
lubricating jelly on the hair to hold it away from the wound. Wear cap, mask, and 
gloves. Gently wash the skin surrounding the laceration with chlorhexidine or 
iodophur solution. Use .sterile towels to set up a sterile field. Establish anesthesia 
by infiltration of the wound margins, or use a field block. Clean the wound, 
remove foreign matter, excise irregular wound margins, and debride all nonviable 
tissue. Undermine all but superficial lacerations to reduce tension Undermine on 
the trunk and extremities in the plane between subcutaneous fat and superficial 
fascia: in the scalp, undermine in the plane just external to the galea; in the face, 
undermine in the midst of subcutaneous fat. Suture each layer of the wo und with 
fine sutures. Remove skin sutures as soon as possible. . " 
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Limbs off the Z 
of equal length 


FlapsfDiated / & 
and^turecT^ V 



Incisions made 
and flaps 
undermined 



Fig. 24-3. Technique of a Z-plasty. If there is tension along the length of a dean 
laceration or if the wound crosses a flexion crease, a Z-plasty may be a helpful 
maneuver to relieve tension. 



Stellate 
wound 
debrided 


Closure of 
triangular 
wound 


Closure of 
flap 




Fig 24-4. Suturing flaps and tips. Necrosis of the tip of a flap is avoided byjjseof -Of- 
ihc "lio stitch ~ a modified mattress suture tha t is brought subcutaneously away " 
rr»m tht- tin so that pressure is not exerted on the tip when the suture is tied . «v^£MV 

^-u^^ 




Excised and 
undermined 


Neat scar 


Beveled lacerations 
must be widely 
excised 


■ . I ■ . 


L 


Closure without 
excistorT 
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Humped scar 


Fig 24-5. Closure o1 a beveled laceration. To avert a hump of tissue resulting 
from contraction ofscar, excise a beveled wound to create vertical wound margins 
and undermine it widely before closure. If the laceration is very deep, excise it in 
steps at each major layer of the wound 
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1. Dog ears can be excised (this will lengthen the 


tftrtrrtf 


2. Z-plasty as alternative 


Excised 




Fig. 24-6. Closure of round and ovoid wounds. Direct suture closure of an ovoid 
wound sometimes results in a *dog ear.* Excision of the dog car will make the 
wound longer. Alternatively, a Z-plasty can be used to manage the dog ear, this 
technique makes the wound area wider. 


1. Border equal to diameter of 
lesion (5 cm max.) is outlined 

2. Excision projected along 
skin tension lines 

3. Borders widely 
undermined 
{stippled area) 


4. Use Z-pJasty principle 
for closure ol larger 
wounds 



Jr4 



f - f f f r f r ff ft t closure 


Fig. 24-7. Excision of a suspected malignant skin tumor. Benign skin lesions can 
be excised with little or no margin. Lesions suspected of being malignant should 
be excised with a margin equal to the diameter of the tumor, up to a maximum 
margin of 5 cm. Prolongation of a circular wound by excision of small triangles at 
either end, together with wide undermining, often permits primary closure. 
Alternatively, use a Z-plasty. 
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fig. 24-8. Venous cutdown. In infants, the peat ^^^ u ^^ 

catheter, tie the proximal ligature around the ve,n and catheter (D>. Suture tne 
Sound, Jyinc the catheter in place < E>, and apply a dressuig. 
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Wide, untidy scar 


Fig. 24-2. Suture of scalp and skirt lacerations. Never shave eyebrows or the 
scatp: it is usually not necessary to shave around any laceration. Smear sterile 
lubricating jelly on the hair to hold it away from the wound. Wear cap. mask, and 
gloves. Gently wash the skin surrounding the laceration with chlorhcxidineor 
lodophor solution. Use sterile towels to set up a sterile field. Establish anesthesia 
by infiltration of the wound margins, or use a Held block. Clean the wound, 
remove foreign matter, excise irregular wound margins, and debride all nonviable 
tissue. Undermine all but. superficial lacerations to reduce tension. Undermine on 
the trunk and extremities in the piano between subcutaneous fat and superficial 
fuscca; in the scalp, undermine in the plane just external to the galea; in the face, 
undermine in the midst of subcutaneous fat. future each la yer of the wound with 
fine sutures. Remove skin sutures as soon as possible! 
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fig. 24-3. Technique ol a Z-plasty. IT there is tension along the length > <** <*can 
laceration or irihe wound crosses a flexion crease, a Z-plasty may be a helpful 
maneuver to relieve tension. 
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Fta 24-4 Suturing flaps and lips. Ncanosis of the Up 

B WilSi: a JUL* mflltroas suture that is brought ^^^^^T^ ' 
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Fia 24-5 Closure of a beveled laceration. To avert a hump or tissue resulting 
from contraction ofscar, excise a beveled wound to create vertical wound margins 
anTundcrmine it widely before closure. If the laceration is very deep, excise ,t in 
steps ot each major layer of the wound. 
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LAYER REPAIR OF WOUNDS 


Figure 1-4* 

a- In scar resection the incision 
should be made to go peripher- 
ally as it goes deeper, so that the 
layer repair will actually evert 
the skin edges and give extra 
support to the skin surface. As 
tissues heal and soften with the 
passage of time, the scar flattens 
with minimal spreading, though 
it Is everted and raised at the 
time of repair, 
b. Whether traumatic, for surgical 
exposure of underlying tissues 
or for resection of superficial le- 
sions, a wou nd should be repaired 
in layers lor the best aesthetic 
"result; Support of the underlying 
tissues avoids a depressed scar 
or an adherent scar and gives 
support to the skin surface it- 
self, thereby helping to avoid 
the wide, hypertrophic or de- 
pressed scar. U also lessens the 
nggd for prolonged external sup- 
p ort by skin sutures . Buried su- 
turesja re placed in such a way 
thaftne knots are tied^ deeply in 
each layer oi repair. ~ 

* Fi y# i_4 leproduc/d by permission from 
J. R. Lewis, Ir. The/Surgery ni Scars. 
Blakiston Div., JHcGraw-Hfll Book Co.. 
New York. 


c. The most superficial of the buried 
sutur es in the layer repair is 
shown with the knot tied deeply 
to avoid lumps or bumps in the 
scar. Repair of the deeper layer 
should be carried out in a simi- 
lar fashion. The final skin repair 
may be by butterfly or strip sup- 
port, by interrupted or running 
skin sutures which are removed 
early, or by an intracuticular 
running suture which may be 
left in place for prolonged sup- 
port. 


9^ 







4 Procedures in Scar Revision and Wound Repair 


1-4 
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SCALP REPAIR 



Figure 1-5 

a. In resection of lesions of the 
scalp or resections of the scalp 
in meloplasty and rhytidectomy 
procedures, the incision should 
be beveled away from the hair 
roots. The scalpel is angled so 
that the incision progresses 
deeper toward the area to be 
resected, rather than undercut- 
ting in the opposite direction, as 
with the usual scar resections in 
non-hair-bearing areas. This pre- 
serves the hair roots in the edges 
of the incision and allows for 
hair growth right up to the fine 
line of the resulting scar. By bev- 
eling both incision lines toward 
the area to be resected, the hair 
roots are present close to the in- 
cised edges, and hair growth is 
usually little disturbed. 

Also, in order to avoid dis- 
turbing the hair roots, a layer 
closure is seldom carried out in 
the scalp. However, a deep clo- 
sure of the pericranium and oc- 
cipitofrontal is layers may be 
done, so that the buried sutures 
do not damage the hair roots 
in the dermis and the immediate 
subcutaneous fat of the scalp. 



p.5 


Closure of the incision brings the 
hair roots, and thereby the hair 
growth, very close to the in- 
cision line. This makes it easy to 
mask the fact that an incision 
has been made in the scalp and 
usually leaves no visible evi- 
dence that a scalp resection has 
been carried out. This is es- 
pecially important in the melo- 
plasty and rhytidectomy proce- 
dures. 
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THE SUBCUTfCUlAR SUTURE 
AND THE RUNNING 
CONTINUOUS SUTURE 
CLOSURE 




Figure 1-6 

a. Step 1: This consists of place- 
ment of a deep-running, single- 
filament suture which grasps 
bites of tissue alternately on the 
two sides of the depths of the 
wound. Ordinarily, the suture is 
brought out at some point along 
the incision line if the wound is 
long and is brought out beyond 
the ends of the incision. Pulling 
the ends of th *> qimrp tightly 
doses the depths nf rhe woun 
as seen in step 2. Fpr more 
superficial wounds or for those 
wounds which' have. been closed 
with multiple interrupted , deep- 
buried sutures,_t he intracuticular 
or suDcuticuiar suture may b 

used similarly for the final s! 
closure. 




b. Step 2: The deep running suture 
has been tightened by pulling 
each end, which approximates 
the deeper tissues. The superfi- 
cial running suture has been 
placed, but has not been put 
under tension. Multiple running 
sutures may be used in this fash- 
ion for wound closure in lieu of 
buried interrupted sutures. The 
more superficial subcuticular or 
intracuticular suture may be left 
in place for an extended period 
for support, since it does not 
leave stitch marks. 
Step 3: Completion of the mul- 
tiple continuous suture closure 
of the wound. The multiple con- 
tinuous running sutures (in this 
case, two layers of closure) may 
ry be tied together over a bolus of 
gauze, rubber sponge, or rubber 
drain at each end of the incision 
when it is deemed necessary to 
keep the sutures tight for sup- 
port. However, the support of , 
th^ jxinning ~sQTOTCb rhgjTCgtges As 
g enerally is adequate witho ut^/C^" 
t htiir beinp tigfj ^ f % 

Later, removal of the continu- 
^0pus running suture is facilitated 
s/oy a loop to the side of the in- 
cision or across the incision. 
This loop is usually kept loose 
so that it does not cut in and 
leave a stitch mark. The continu- 
ous running suture closure 
avoids the use of foreign suture 
material in the wound, and the 
sutures may be left in place for^ 
an extended period withouj 
danger of leaving stitch mar! 
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Plate 9 


Repair of Blood Vessels and Nerves 




Blood cleared from 
vessel ends with jet 
ol saline and heparin 




Under dissecting microscope, vessel ends 
positioned in approximation clamps. Adventitia 
removed by pulling il down over vessel end, 
culling il. and letting it draw back 



Gaps between stay sutures c lo sed wilh in terrupted 
s utures . Vessel turned over for sIfluTirtg P3CK waTT " 
For large arteries, running suture used, avoiding 
purse stringing. In areas where clamp does not 
fit, back wall repaired first with top of vessel 
and lumen in view at all times 


not re vascularize following major, vessel repair. 
Similarly, amputations at the metacarpal level 
require resection of the distal avascular intrinsic 
muscles (Plate 12). 

Regional anesthesia is preferred except for 
very proximal replantations, which require gen- 
eral anesthesia. The stump is debrtded and the 
bone shortened (page 16). Amputations at the 
forearm level or higher usually result from 
more violent injury than finger amputations, so 
the zone of injury is larger. Consequently, the 

18 


Vessel ends dilated 
Vh times normal 
diameter 



. V;-. » 


l *}. .: ; '■.:}■■ 



Veins anastomosed using similar 
technique; because veins are so fragile, 
great care must be taken. Clamps may 
be used very cautiously 


Since digital nerves contain only 
sensory fibers, repaired with simple 
sutures through epineurium only 



amount of bone resected (2-4 cm) is greater 
than for replantation of fingers. For wrist joint 
replantations, however, as little bone as possible 
is resected in order to preserve m idea r pa I or 
radiocarpal wrist motion. 

If ischemia time is prolonged, a shunt may be 
placed between the proximal and distal arteries 
and veins to perfuse the limb as quickly as pos- 
sible. The first venous effluent from the severed 
limb is discarded because it contains high levels, 
of potassium, lactic acid, and myoglobin. The 
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Lunger 


the mouth, the upper lip and the lower lateral chin. On the body, 
scars become adherent to the underlying tissue; hence they will 
least interfere with body dynamics if placed transversely across 
muscles and joints in wrinkle lines. In excising a lesion on the 
skin one should plan incisions to have the resultant scars fall in 
these wrinkles. A. F. Borges has labeled these lines relaxed skin 
tension lines and he advises how to find them: "The R S T L can 
be found by relaxing the skin of a region either by some kind of 
muscle pull, by joint mobilization or, better, by passive manipu- 
lation." 



TENSION VERSUS SCARS 

Success with improving scars in the normal is dependent in large 
part on an understanding of the main enemy, tension, and an 
ability to compromise its deleterious effects during healing. First 
it is essential to know the relaxed skin tension lines. 

Albert F. Borges' contribution to the improvement of scars is 
based on a thorough understanding of skin tension (bull) and 
how best to handle it (matador). It is true that the W-plasty 
described by Borges in 1958 and 1959 increases the amount of 
advancement required for wound closure by double the depth of 
the sawtooth, but the advantages to having scars lie in anti- 
tension lines are the camouflage of a broken line too busy for the 
eye to record easily and the eventual elasticity of its multiple 
interdigitations. Here are some of Borges' primary- rules. 

[1] An clccrivc surgical incision that follows the relaxed skin tension 
lines wiU give the best cosmetic and functional scar. 

[2] For an anticension line (ATL) surgical exposure, a zig-zag skin 
incision is superior to a straight ATL incision since it will give a wider 
exposure and a superior accordion-line elastic postoperative scar. 

[3] Antitension line scars are improved with che zig-zag scar revision 
procedures ( W- or Z-plasty) mainly by changing the scar's direction and by 
dividing the scar into smaller scraight components. Any scar on the face that 
does not follow the relaxed skin tension lines (RSTL) can be improved with 
either a W-plasty or a Z-plasty scar revision provided there has not been a 
previous appreciable amount of skin loss. 

[4] Skin tension, influenced by the amount of skin loss, region, course, 
pattern and length of the scar and age of the paticne, is che basic factor 
underlying the outcome of scars. 
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[5] Wide and/or hypertrophic scars, most of rhe rime, are nor amenable 
to any scar revision procedure. The simple excision of a wide and/or 
hypertrophic scar that has resulted during healing by primary intention of a 
wound and the subsequent closure of the defect created (fusiform scar 
revision) will inevitably be followed by a wide and/or hypertrophic scar. 

[6] Do not revise a scar unless you are reasonably certain to be able to 
change, all or in pan, the factors responsible for the unsatisfactory outcome 
or you chance the possibility of the revision turning out worse than the 
original scar. 

[7] When confronted with a severely depressed scar or a bowstringed 
elevated scar, the Z-plasty is the procedure of choice because of its out- 
standing levelling effect by liiterdigitation of tissue gains to interrupt the 
direction of tension. 

[8] In the correction of the trap door scar deformity the treatment 
should not be aimed at the bulging enclosed tissue of normal subcutaneous 
fat but at the beltlike contraction of the curved skin scar. 

[9] The most frequent blunder in suturing technique is the tying of skin 
sutures too tight. 

William S. Halstead at Johns Hopkins Hospital in 1890 
warned, "The obstruction to the circulation produced by sutures 
and ligatures is often the immediate cause of suppuration in 
infected wounds." 


BEWARE TENSION STITCH MARK 



The tension cycle can occur in miniature during the placement of 
sutures. Whereas scars resulting from lacerations and incisions are 
inevitable, permanent stitch marks are avoidable. Like a beast 
tracked by the print of his claw, the surgeon is known by the 
mark of his sutures. If by these tracks we are to be known, it 
behooves us to scrutinize this potentially vicious cycle of suture. 

If the stitch loop is cinched too tight in the tie, not only will it 
cut skin b ut inflammatory edema will force ischemia, which will 
soon cause necrosis, attracting bacteria, which eat away as long as 
the foreign body suture is retained until the stitch hole becomes 
a permanent ugly scar mark. Prevent stitch marks by not tying 
the suture too tight, keeping the wound clean, covering the 
stitch holes with an antibiotic ointment and removing the 
.sutures early— 3 to 4 days on the face, no longer than 5 or 6 days 
n the body. If the wound suffers enough tension to require 
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Fenton Braithwaite of Newcastle refined the sophistication of 
palate surgery by freeing the levator palatini muscles from their 
attachments to the posterior edge of the hard palate and suturing 
them with their fibers end-on to construct a retroposmoned 
levator loop without tension for a better-functioning unit. 






The hand surgeon is acutely cognizant of the danger of ten- 
sion. As Harold Kleinert wrote in 1983: 

The surgeon's greatest enemy is scar tissue. Scar is stimulated by wound 
tension. Avoidance of scar requires avoidance of tension, whatever the 
repaired tissue-tendon, nerve or blood vessel. The first surgeon to operate 
has the best chance of returning function and mote than anyone else 
determines the ultimate outcome of an injury. Complex multiple tissue 
V,^ injuries are besr repaired initially and preferably completely. Bo ne fixation ^ 
. ^ must be secure. In addition to tendons repaired, joints, ligaments, blood 
ft 'vessels and nerves must be protected against tension. 

H. Millesi et al. seated in 1972 chat tension at the suture line 
of a nerve repair is detrimental. In 1977 Millesi showed that 
nerve grafting produces better results than direct suture because 
tension interferes with the blood supply within the nerve. Julia 
K. Terzis noted in 1984: 

The rule of thumb is: after adequate nerve end preparation, jfjhener/e ends 
can be approximated adequate ly with minimal tension with an 8-0 suture 
then the necessity of interposition grafting is eliminated. 

In microvascular surgery any tension promises disaster, and 
development of methods of avoiding tension has been responsible 
for much of the progress of this specialty. As Harry Buncke of 
San Mateo, California, commented: 

The most important principle in microvascular surgery is flawless microvas- 
cular technique. The most elegant transplant is doomed to failure if circu- 
lation cannot be re-established in the transplanted part. The microvascular 
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USE OF TENSIONS 
IN EYELID REPAIR 

A defect involving one-third full thickness of the eyelid margin 
can be closed by direct approximation. If as much as half the 
eyelid margin must be sacrificed, a lateral canthoplasty will be 
necessary to advance ciliary margin, muscle and conjucriva to 
allow the vertical closure without too much tension and distor- 
tion. A simple procedure I described in the American Journal of 
Ophthalmology in 1958 positioned the direction of scars and 
employed to advantage the relative tensions of closure to avoid 
vertical skin scars, marginal notching and lid ectropion. In case of 
a carcinoma the resection was restricted to the lesion and an 
adequate margin in the skin. The excision was extended to a V 
only in the mucomuscular layers to allow their direct closure in a 
vertical line with 5-0 chromic catgut sutures in the muscle and 
submucosal tissue, avoiding exposure on the conjunctival side. A 
horizontal blepharoplasty incision in the skin just under the 
lower lid lashes or just above the upper ones is extended in both 
directions almost canthus to canthus. The eyelid skin is freed 
from the underlying muscle, and the center point of t he edge of 
the skin defect is lifted and stitcKed to the ciliary margin The 
excess free skin is excised as a pair of triangles (crosshatching). 


su-M^ , 



> 
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x > 




The result is a relatively straight advancing skin edge that can be 
raised (lower lid) or lowered (upper lid) like a curtain and 
sutured along the ciliary margin in a horizontal, hidden scar. The 
moderate side-to-side tension of the vertical mucomuscular clo- 
sure creates the bonus of a relatively tight margin span that can 
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BREAST LIFT 

The vertical skin excision in reduction raammaplasty and lift 
mastopexy with vertical closure of che central wedge places the 
greatest tension along the inframammary line with effective 
lifting and coning of the breast. When more substance is needed 



for breast contour, small implants can be inserted at the same 
time. This takes advantage of tension in two dimensions: out- 
ward projection and inframammary cinching. Beware the sum- 
mation effect on the vertical scar. 

ABDOMINAL LIPECTOMY 

Abdominal slack is another area where tension can be used to 
advantage. The abdominal lipectomy through a transverse supra- 
pubic incision frees the abdominal panniculus off the rectus fascia 
up as high as the costal margin. The umbilicus is circumscribed 
by an incision and maintained on its pedicle. If indicated, mid- 
vertical plication of the rectus fascia with nonabsorbable suture 
above and below the umbilical stalk is another use of tension to 
improve the transverse supporting tone of the abdominal wall. 
All excess abdominal skin that can be spared is excised, and when 
possible the skin just above the umbilicus is advanced under 
reasonable tension to the pubis in a transverse closure. If there is 
not enough slack to allow this extensive transverse elliptical 
excision, less can be taken and a V excision of the remaining 
umbilical hole can be closed vertically in an unnoticeable in- 
verted T, which also reduces lareral excesses. 
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This has always seemed a simple procedure, but it is enlight- 
ening to see how Ricardo Baroudi of Campinas, Brazil, who is 
enthusiastic about his work, handles the markings, the dissection, 
the umbilicus, the excisions and the closure while dealing with 
tension and ensuring symmetry. Here is a 41-year-old woman 
with moderate abdominal lipodystrophy, striae and flabbiness of 
skin who was treated by Baroudi. He explains in detail: 

A vertical midline mark from xyphoid to pubis assured symmetry of final 
umbilical position. A straight horizontal line near the mons pubis combined 
with an open W-line from one anterior iliac spine to the other marks the 
line of incision which follows the W-linc. Three transverse and parallel lines 
ate drawn bilaterally at the umbilical level. When the abdominal flap is 
pulled downward these reference points must be symmetrical. The area of 
flap undermining on the fascial level is diagrammed in white limiting lateral 
dissection to avoid severance of vessels. After circumsaibing the umbilicus 
on its pedicle the abdominal flap is freed, pulled down and cut vertically in 
die midline up to the umbilical hole. The flap is elevated and the rectus 
fascia plicated with 2-0 nylon sutures. 

With a Kelly clamp attached to the umbilical pedicle, one hand is placed 
under the skin flap and guided by the clamp locates the exact future position 
of che umbilicus. A transverse buttonhole is stabbed in the abdominal flap, 
~ Athe flap is everted and a small circular area of tat around the hole is resected. 
S&O ) For umbilical fixation two to four 2-0 nylon sutures a re^aced- around the 
clock with a bice through abdominal skin, fascia near the root of the 
umbilical pedicle and skin edge of the umbilical cuff. When these sutures 
are tied down the skin invaginates creating a natural umbilical contour. 

With the trunk elevated the midline key stitch is placed and followed 
with bisseccion of the excess overlapping skin flap to allow another key 
stitch on each side. The excess skin is excised 




If the abdominal flap is thick it can be defatted and resutured. The 
umbilical sutures are tightened over a gauze pad. Approximation of this 
wound under moderate tension requires a three layer closure, fat to fat, fascia 
and fat, dermis and finally intracuticular 4-0 Vicryl reinforced with stcri- 
strips and an elastic girdle to protect the trunk. 
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sculpting. This precision is enhanced by a 
glenoid reamer keyed to the normalized gle- 
noid center line. The use of a drill guide to 
esta blish precise g eometry for multiple gle- 
\x noid CExation peRsV iav provide better fixa - 
7^ Uon w ith minimal sacrifice of ganoid bone 
stock and requires minimal amounts of ce- 
ment with minimal risk of heat necrosis. 
^Hxatioa ^nterior and posterior to the verti- 
cal axis of the glenoid component helps pre- 
vent "lift off* during eccentric loading. As 
presented earlier in this chapter, there are 
theoretical advantages of a small degree in 
undersizing of the humeral diameter of cur- 
vature with respect to that of the glenoid. 
The relative clinical advantages of different 
degrees of humeroglenoid diameter mis- 
match are yet to be determined. 

Multiple considerations affect the choice 
of the humeral component as well. Good fit 
and fill of the humerus can often provide 
Secure fixation> ithout cement, but press fit- 
ting does increase the risk of humeral frac- 
ture. Whether the medullary canal needs to 
be sealed to prevent entry of polyethylene 
debris remains a theoretical consideration. 
The humeral head needs to provide the ap- 
propriate diameter of curvature in both hu- - 
meral and glenohumeral arthroplasty. In hu- 
meral hemiarthroplasty, the diameter of 
curvature should match that of the biologic 
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articular surface. In glenohumeral arthro- 
plasty, the diameter of curvature should be 
appropriate for the glenoid component se- 
lected. The arc subtended by the humeral 
articular surface should be maximized rather 
than having part of this arc sacrificed to a 
non-articular humeral neck (Fig. 5-39). Ca- 
nal-fitting prostheses allow less flexibility in 
positioning: the reamed canal largely con- 
trols the medial-lateral, anteroposterior, and 
varus-valgus degrees of freedom. Thus', the 
surgeon needs to ensure that the selected 
prosthesis will provide the appropriate ef- 
fective neck length and component height to 
establish the desired position of the articular 
surface. Ideally, the humeral prosthesis 
should restore the joint surface to its ana- 
tomic location. 

Technique of Glenohumeral 
Arthroplasty 

Glenohumeral arthroplasty provides the 
surgeon with the opportunity to use all the 
principles related to the restoration of mo- 
tion, strength, stability, and smoothness. All 
adhesions and contractures must be re- 
leased, and the smoothness of the non-artic- 
ular humeroscapular motion interface must 
be reestablished. Obligate translation is 
avoided by appropriate capsular releases. 



FIGURE 5-39. 


A. Ideally, the humeral component 
provides a maxima! articular sur- 
face area. 8. Significant portions 
of the intraarticular space can be 
consumed by non-articular as- 
pects of a modular prosthesis. 
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Strength is optimized by placing the muscle- 
tendon units under proper tension. Stability 
is achieved by normalizing joint surface ori- 
entation and providing the appropriate 
geometTy for the concavity compression 
stabilization and balance mechanisms. 
Smoothness is provided by the prosthetic 
joint surfaces and by immediate postopera- 
tive motion. 

Surgical Approach 

After a brachial plexus block or general 
anesthetic, the patient is placed in the beacb 
chair position with Ihe thorax up at an angle 
of 30 degrees. The shoulder is just off the 
edge of the operating table so it can be 
moved freely through an entire range of mo- 
tion. The anesthesiologist is positioned at 
the side of the neck on the opposite side 
from the shoulder being operated on. A care- 
ful double skin preparation includes the en- 
tire arm and forequarter, anteriorly and pos- 
teriorly. Draping allows access to the entire 
scapula, clavicle, and humerus. 

Skin Incision. This is made over the del- 
topectoral groove along a line connecting the 
midpoint of the clavicle to the midpoint of 
the lateral humerus and crossing over the 
coracoid process (Fig. 5-40). This incision 
avoids the axilla, protects the neurovascular 
supply to the deltoid, and provides direct 
access to the deltopectoral interval without 
requiring skin flaps. Gelpi retractors placed 
in the subcutaneous tissue help provide he- 
mostasis as the incision is carried to the 
level of the deltopectoral fascia. The delto- 
pectoral interval is developed medial to the 
cephalic vein, preserving its major tributar- 
ies from the deltoid muscle. Incising the 
clavipectoral fascia at the lateral edge of the 
conjoined tendon up to. but not through, the 
coracoacromial ligament provides entry to 
the non-articular humeroscapular motion in- 
terface. The axillary nerve is identified as it 
courses across the inferior border of the sub- 
scapulars. 

The subscapularis is the one tendon in- 
cised in performing a glenohumeral arthro- 
plasty. Restoring the excursion of this ten- 



FIGURE 5-40. 


Anterior deltopectoral skin incision extending along 
a line from Ihe midpoint of the clavicle to (he mid- 
point of the lateral humerus (deltoic tubercle). Note 
that this line of incision crosses the coracoid tio. 


don as well as its firm reattachment to the 
humerus is critical to the restoration of the 
range, stability, and strength of the shoulder. 
Our routine is to incise the subscapular is 
tendon as close to the bicipital groove as 
possible to gain maximal length of quality 
tendon; no subscapularis tendon is left on 
the lesser tuberosity. The anterior glenohu- 
meral capsule is incised from its attachment 
to the glenoid and is left attached to the 
deep surface of the tendon to reinforce it 
(Fig. 5-41). A 360 degree release of the sub- 
scapularis tendon is then performed [Fig. 5- 
42), ensuring that it moves freely with re- 
spect to the glenoid, the coracoid, the cora- 
coid muscles, the axillary nerve, and the in- 
ferior capsule. Additional subscapularis 
length is gained at the time of closure by 
reattaching it with sutures placed in the an- 
terior humeral neck rather than the lesser 
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The subscapularis incision. The subscapularis and 
the subjacent capsule are incised directl/ from the 
lesser tuberosity, striving for maximal length of the 




FIGURE 5-42. 



Mobilization of the subscapularis tendon. A, Attachment of the subscapularis tendon and capsule to the 
coracoid and glenoid. S, A complete 360-degree release about the subscapularis tendon optimizes 
muscular excursion and functionally increases the length or the subscapularis 
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(B) 


(C) 




The subscapularis is closed to the neck of the humerus rather than to the lesser tuberosity from which it 
was originally incised. This results in an effective lengthening of the tendon. 


tuberosity (Fig. 5-43). If still more length is 
needed, an inside-out coronal plane Z-plastry 
can be performed, using the capsule to ex- 
tend the tendon (Fig. 5-44). Each centimeter 
of subscapularis lengthening provides ap- 
proximately 20 degrees of increased external 
rotation. 


The capsule remaining on the anterior gle- 
noid is excised along with any residual la- 
brum. With a ringer protecting the axillary 
nerve, the inferior capsule is incised from 
the glenoid, exposing the origin of the long 
head of the triceps (Fig. 5-45). Occasionally, 
if triceps contracture impedes motion, the 



• ■ * ■ _. 



FIGURE 5-44. 


The rnside-out Z-plasty. A, Additional length of the 
subscapularis tendon can be gained by splitting 
the capsule from the tendon medially, leaving their 
connection laterally. B, The medial end of the split 
capsule is reflected and attached lo the humeral 
neck. — r 
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FIGURE 5-45. 

A, Division of the anteroinferior capsular attachments to the glenoid under direct vision while axillary nerve 
is protected and retracted. S, Capsular release to the 6 o'clock position on the glenoid exposes the origin 
of tne long head of the triceps, which may require release as well. 


triceps origin may need to be released in a 
manner similar to the adductor release in 
hip arthroplasty. If the posterior capsule is 
tight, it can be released later under direct 
vision after the humeral head has been ex- 
cised. Posterior capsular release should not 
be performed if there is preoperative evi- 
dence of posterior subluxation. 

Humeral Preparation. The humeral head 
is dislocated anteriorly by gentle external ro- 
tation and slight extension of the arm. Spe- 
cial care is exercised in elderly patients and 
in those with rheumatoid arthritis or other 
causes of fragile bone. Any resistance to this 
maneuver indicates the need for additional 
soft tissue release. Posterior humeral head 
osteophytes can impede the dislocation ma- 
neuver by impinging on the glenoid as the 
humerus is externally rotated. This phenom- 
enon is suggested if the glenohumeral joint 
opens anteriorly like a book as the humerus 
is externally rotated. Often, in this situation, 
the humeral head along with the osteo- 
phytes can be safely and gently lifted into 
the joint with a flat elevator used as a "shoe 


horn," inserted while the humerus is inter- 
nally rotated (Fig. 5-46). A malunited 
greater tuberosity or large osteophytes may 
require osteotomy. By incorporating the 
movements of external rotation, anterior 
subluxation, and extension of the arm, the 
articular surface of the humerus is brought 
into vieiv. 

The humeral osteotomy requires attention 
to detail. In degenerative joint disease, the 
apparent articular surface does not provide 
an accurate indication of the plane of hu- 
meral head resection. Failure to account for 
the apparent elongation of the articular sur- 
face by inferior osteophytes results in an in- 
ordinately vertical (varus) resection level 
(Fig. 5-47). An excessively inferior or retro- 
verted plane of resection jeopardizes the 
greater tuberosity and the insertion of the 
rotator cuff. To avoid these pitfalls, the hu- 
meral cut is based on readily identifiable 
landmarks. The ideal cut plane passes just 
inside the supraspinatus insertion to the tu- 
berosity, at an angle of 45 degrees with the 
long axis of the shaft, and in 35 degrees of 
retroversion as judged by the external rota- 
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FIGURE 5-46. 

Large posterior humeral osteophytes can form a bai 

5 ZSX T« on and dislocati °" <* SEAS 

at arthroplasty surgery ^ Reduction of large poste 
^teophWes onto the glenoid face can usually be 

joint while the humerus is in internal rotation fBJand th 
gently externally rotating the humerus (C). 
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Excessively 
Retroverted 
Humeral Cut 



HGURE 5-47. 


Humeral osteotomy planes. A, The preferred osteotomy plane passes just inside the insertion of the rotator 
cuff to the greater tuberosity and proceeds at a 45-degree angle with respect to the long axis of the 
humeral shaft. If the osteotomy is incorrectly oriented such that it emerges at the margin of the osteophytes 
(dotted iine) the resulting cut will be in excessive varus. 8. Humeral osteotomy also requires careful 
attention to version. An excessively retroverted cut (dotted line) compromises the cuff insertion. 


tion of the forearm with the elbow Qexed to 
a right angle. Cutting the head under direct 
vision with an osteotome while protecting 
the cuff with a blunt elevator facilitates ver- 
ification of the plane and safety of the cut. 
Throughout the osteotomy, the cuff inser- 
tions and the biceps tendon are protected 
and observed as the osteotome passes by. 

At this point the surgeon has an opportu- 
nity to judge the laxity of the joint. By plac- 
ing the arm in 45 degrees of elevation and 
by using a finger to push the humeral neck 
laterally, the surgeon can get an idea of the 
joint volume remaining for the glenoid and 
. humeral head component. This step is help- 
ful in determining the need for further soft 
tissue balancing. If the capsule is so tight 
that even the smallest head will not fit, more 
-i*»-« wininwl PiittSno awav more neck 


is not an option because the humeral cut is 
already at the cuff insertion. 

The medullary canal of the humerus is 
reamed, starting at a point lateral on the cut 
surface just behind the bicipital groove. 
Starting with a small-diameter reamer, ream- 
ing is continued up to the diameter appro- 
priate to the component, using a slight val- 
gus bias and while protecting the biceps and 
cuff. Slots are made in the tuberosity to ac- 
commodate the fins of the component The 
slot for the lateral fin should be just poste- 
rior to the bicipital groove (Fig. 5-48). In the 
presence of dense bone, failure to achieve 
adequate depth of these slots may result in 
the component being pushed into a varus 
orientation by contact between the fin and 
the bone of tuberosity. A trial component 
body is inserted so that the prosthetic neck 
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FIGURE 5-48. 


Before .mplantat.cn of the trial component, a slot is 
curetted in the tuberosity just posterior to the bicip- 
ital groove to accommodate the fin of the trial com- 
ponent. 


is centered on the neck of the bony I 
being neither too high [where the 
nent will lead to excessive tensioi 
superior cuff), nor too low (wher< 
lead to subacromial abrasion of the 
ities on elevation of the arm). The ti 
ponent is used as a guide to the ex( 
the osteophytes all around the hume 
(Fig. 5-49). The rotator cuff, axillar 
and glenoid are protected during ost 
excision. 

While the trial humeral head is i: 
the surgeon can verify that there is si 
subscapularis length to allow 4D de 
external rotation and adequate poste: 
ity as indicated by 70 degrees of 
rotation of the arm elevated to 90 de; 
the coronal plane ("scarecrow" p 
and 15 nun of translation on the p 
drawer test. If the joint is too tight v 
trial head component alone, it will 1 
tighter after the glenoid is inserted. I] 
sary, additional capsular releases a 
formed at this stage to achieve the . 
laxity. Additional posterior capsular 
may be accomplished by incising tl 
sule at the glenoid rim while the cap 
held in tension by a proximal hum* 

tractor (Fig. 5-50). Care is talcen to 

the axillary nerve below and the c : 
hind. 

With the trial humeral compone 
moved and the proximal humerus dis 
medially ,into the joint, the rotator ■ 



FIGURE 5-49. 


A, Trial prosthetic 
seated against ost« 
where it can serve as a 
for resecting any antei 
ferior, and posterior 
phytes that extend beyi 
extrapolated articular si 
8 t Osteophytes resecte 
the anterior, inferior, an< 
terior humeral neck. Po 
osteophytes must bi 
moved with great care t 
tect rotator cuff insertior 
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FIGURE 5-50. 


If necessary, the sequential 
posterior release is accom- 
plished by incising the cap- 
sule at the glenoid rim (re- 
lease at the humerus would 
jeopardize the cuff insertion). 
During this release, the cap- 
sule is censed by twisting the 
humeral retractor. Care is 
taken to protect the axillary 
nerve below and the cuff be- 
hind. 



palpated to establish its integrity. If a repar- 
able defect involving quality cuff tissue is 
identified, the retracted tendon is mobilized 
so it can react tfie tuberosity without undue 
tension with the arthroplasty components in 
P Iace - Sutures are placed in the edges of torn 
.cuff tend on and throu gh drill hn)** in th* 
tuberosities for later tying after the compo- 
nents have been implanted (Fig. 5-5 1), 
Shorter humeral head components may fa- 
cilitate cuff repair without undue tension. 
Cuff repair in association with shoulder ar- 
throplasty tightens the joint and slows the 
rehabilitation. Thus, the surgeon must en- 
sure that the repair is strong and durable. 
Suturing of poor-quality ten don or attempt- 
i ng repairs when Insu fficient bssue is p re- 
sent is not advise d 

Tuberosity non-unions should be identi- 
fied and mobilized at this point. Severe tu- 
berosity malunions should be osteotomized; 
however, this should not be performed 
lightly: gaining tuberosity union can be dif- 
ficult in the presence of a metal humeral 
component, diminished bone stock, and soft 
tissue contractions. 

Preparation of the Glenoid. Accurate 
preparation of the glenoid bone requires the 
;xcellent surgical exposure provided after 
mineral head and osteophyte excision and 
:apsuiar release. A flat retractor is placed 
>ehind the posterior glenoid lip to push the 


head of the humerus posteriorly. When the 
resected surface of the humeral neck is flat 
against the back of the retractor fthe arm ex- 
ternally rotated 35 degrees], the humerus 
can be pushed posteriorly with minimal 
* force. In degenerative joint disease, this pos- 



FIGURE 5-51 


Repair of a rotator cuff tear. If tissue is adequate 
for repair, drill holes are placed in the tuberosities 
for cuff attachment before the insertion of the hu- 
meral comnnnpnt 
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sculpting. This precision is enhanced by a 
glenoid reamer keyed to the normalized gle- 
noid center line. The use of a drill guide to 
establ ish precise g eometry for multiple gle- 
noid Cfixation pegQ nay provide better fixa - 
lion with minimal sacrifice of glenoid bone 


^ stock and requires minimal amounts of ce- 
mentwith minimal risk of heat necrosis. 



^Jixatioji^interior and posterior to the verti- 
cal axis of the glenoid component helps pre- 
vent "lift off during eccentric loading. As 
presented earlier in this chapter, there are 
theoretical advantages of a small degree in 
undersizing of the humeral diameter of cur- 
vature with respect to that of the glenoid. 
The relative clinical advantages of different 
degrees of humeroglenoid diameter mis- 
match are yet to be determined. 

Multiple considerations affect the choice 
of the humeral component as well. Good fit 
an d fill of the humerus can often provide 
^ gecure fixatiorT^ vithout cement, but press fit- 
ting does increase the risk of humeral frac- 
ture. Whether the medullary canal needs to 
be sealed to prevent entry of polyethylene 
debris remains a theoretical consideration. 
The humeral head needs to provide the ap- 
propriate diameter of curvature in both hu- • 
meral and glenohumeral arthroplasty. In hu- 
meral hemiarthroplasty, the diameter of 
curvature should match that of the biologic 


articular surface. In glenohumeral arthro- 
plasty, the diameter of curvature should be 
appropriate for the glenoid component se- 
lected. The arc subtended by the humeral 
articular surface should be maximized rather 
than having part of this arc sacrificed to a 
non-articular humeral neck [Fig. 5-39). Ca- 
nal-fitting prostheses allow less flexibility in 
positioning: the reamed canal largely con- 
trols the medial-lateral, anteroposterior, and 
varus-valgus degrees of freedom. Thus, the 
surgeon needs to ensure that the selected 
prosthesis will provide the appropriate ef- 
fective neck length and component height to 
establish the desired position of the articular 
surface. Ideally, the humeral prosthesis 
should restore the joint surface to its ana- 
tomic location. 

Technique of Glenohumeral 
Arthroplasty 

Glenohumeral arthroplasty provides the 
surgeon with the opportunity to use all the 
principles related to the restoration of mo- 
tion, strength, stability, and smoothness. All 
adhesions and contractures must be re- 
leased, and the smoothness of the non-artic- 
ular humeroscapular motion interface must 
be reestablished. Obligate translation is 
avoided by appropriate capsular releases. 


FIGURE 5-39. 


A, Ideally, the humeral component 
provides a maximal articular sur- 
face area. B. Significant portions 
of the intraarticular space can be 
consumed by non-articular as- 
pects of a modular prosthesis. 
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Strength is optimized by placing the muscle- 
tendon units under proper tension. Stability 
is achieved by normalizing joint surface ori- 
entation and providing the appropriate 
geometry for the concavity compression 
stabilization and balance mechanisms. 
Smoothness is provided by the prosthetic 
joint surfaces and by immediate postopera- 
tive motion. 


Surgical Approach 

After a brachial plexus block or general 
anesthetic, the patient is placed in the beach 
chair position with the thorax up at an angle 
of 30 degrees. The shoulder is just off the 
edge of the operating table so it can be 
moved freely through an entire range of mo- 
tion. The anesthesiologist is positioned at 
the side of the neck on the opposite side 
from the shoulder being operated on. A care- 
ful double skin preparation includes the en- 
tire arm and forequartec, anteriorly and pos- 
teriorly. Draping allows access to the entire 
scapula, clavicle , and humerus. 

Skin Incision. This is made over the del- 
topectoral groove along a line connecting the 
midpoint of the clavicle to the midpoint of 
the lateral humerus and crossing over the 
coracoid process (Fig. 5-40). This incision 
avoids the axilla, protects die neurovascular 
supply to the deltoid, and provides direct 
access to the deltopectoral interval without 
requiring skin flaps. Gel pi retractors placed 
in the subcutaneous tissue help provide he- 
mostasis as the incision is carried to the 
level of the deltopectoral fascia. The delto- 
pectoral interval is developed medial to the 
cephalic vein, preserving its major tributar- 
ies from the deltoid muscle. Incising the 
clavipectoral fascia at the lateral edge of the 
conjoined tendon up to, but not through, the 
coracoacromial ligament provides entry to 
the non-articular humeroscapular motion in- 
terface. The axillary nerve is identified as it 
courses across the inferior border of the sub- 
scapulars. 

The subscapularis is the one tendon in- 
cised in performing a glenohumeral arthro- 
plasty. Restoring the excursion of this ten- 


Dettopectoral 
Skin Incision 



FIGURE 5-40. 


Anterior deltopectoral skin incision extending along 
a line from the midpoint of the clavicle to the mid- 
point of the lateral humerus (deltoid tubercle). Note 
that this line ol incision crosses the coracoid tip. 


don as well as its firm reattachment to the 
humerus is critical to the restoration of the 
range, stability, and strength of the shoulder. 
Our routine is to incise the subscapularis 
tendon as close to the bicipital groove as 
possible to gain maximal length of quality 
tendon; no subscapularis tendon is left on 
the lesser tuberosity. The anterior glenohu- 
meral capsule is incised from its attachment 
to the glenoid and is left attached to the 
deep surface of the tendon to reinforce it 
(Fig. 5-41). A 360 degree release of the sub- 
scapularis tendon is then performed (Fig. 5- 
42), ensuring that it moves freely with re- 
spect to the glenoid, the coracoid, the cora- 
coid muscles, the axillary nerve, and the in- 
ferior capsule. Additional subscapularis 
length is gained at the time of closure by 
reattaching it with sutures placed in the an- 
terior humeral neck rather than the lesser 
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FIGURE 5-41. 


The subscapularis incision. The subscapularis and 
the subjacent capsule are incised directly from the 
lesser tuberosity, striving for maximal length ot the 
tendon. 




sjJpp S:d. 



FIGURE 5-42. 


Mobilization of the subscapularis tendon. A. Attachment of the subscapularis tendon and capsule to the 
coracoid and glenoid. 0. A complete 360-degree release about the subscapularis tendon optimizes 
muscular excursion and functionally increases the length of the subscapularis. 
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FIGURE 5-43. 


The subscapularis is closed to rhe neck ol the humerus rather than to the lesser tuberosity from which it 
was originally incised. This results in an effective lengthening of the tendon. 


tuberosity (Fig. 5-43). If stilL more length is 
needed, an inside-out coronal plane Z-plasty 
can be performed, using the capsule to ex- 
tend the tendon (Fig. 5-44). Each centimeter 
of subscapularis lengthening provides ap- 
proximately 20 degrees of increased external 
rotation. 


The capsule remaining on the anterior gle- 
noid is excised along with any residual la- 
brurn. With a finger protecting the axillary 
nerve, the inferior capsule is incised from 
the glenoid, exposing the origin of the long 
head of the triceps (Fig. 5-45). Occasionally, 
if triceps contracture impedes motion, the 




FIGURE 5-44. 


The inside-oul Z-plasty. A, Additional length of the 
subscapularis tendon can be gained by splitting 
the capsule from the tendon medially, leaving their 
connection laterally. 3. The medial end o( the split 
capsule is reflected and attached to the humeral 
neck. 



Aug 03 06 02:14p Valued Customer 


626 403-1784 




CHAPTER 5 / SMOOTHNESS 


205 



FIGURE 5-45. 


A Division of the anteroinferior capsular attachments to the glenoid under direct vision while axillary nerve 
is protected and retracted. S, Capsular release to the 6 o'clock position on the glenoid exposes the ongm 
ol the long head of Ihe triceps, which may require release as well. 


triceps origin may need to be released in a 
manner similar to the adductor release in 
hip arthroplasty. If the posterior capsule is 
tight, it can be released later under direct 
vision after the humeral head has been ex- 
cised. Posterior capsular release should not 
be performed if there is preoperative evi- 
dence of posterior subluxation.. 

• 

Humeral Preparation. The humeral head 
is dislocated anteriorly by gentle external ro- 
tation and slight extension of the arm. Spe- 
cial care is exercised in elderly patients and 
in those with rheumatoid arthritis or other 
causes of fragile bone. Any resistance to this 
maneuver indicates the need for additional 
soft tissue release. Posterior humeral head 
osteophytes can impede the dislocation ma- 
neuver by impinging on the glenoid as the 
humerus is externally rotated. This phenom- 
enon is suggested if the glenohumeral joint 
opens anteriorly like a book as the humerus 
is externally rotated. Often, in this situation, 
the humeral head along with the osteo- 
phytes can be safely and gently lifted into 
the joint with a flat elevator used as a "shoe 


horn," inserted while the humerus is inter- 
nally rotated (Fig. 5-46). A malunited 
greater tuberosity or large osteophytes may 
require osteotomy. By incorporating the 
movements of external rotation, anterior 
subluxation, and extension of the arm, the 
articular surface of the humerus is brought 
into view. 

The humeral osteotomy requires attention 
to detail. In degenerative joint disease, the 
apparent articular surface does not provide 
an accurate indication of the plane of hu- 
meral head resection. Failure to account for 
the apparent elongation of the articular sur- 
face by inferior osteophytes results in an in- 
ordinately vertical (varus) resection level 
(Fig. 5-47). An excessively inferior or retro- 
verted plane of resection jeopardizes the 
greater tuberosity and the insertion of the 
rotator cuff. To avoid these pitfalls, the hu- 
meral cut is based on readily identifiable 
landmarks. The ideal cut plane passes just 
inside the supraspinatus insertion to the tu- 
berosity, at an angle of 45 degrees with the 
long axis of the shaft, and in 35 degrees of 
retroversion as judged by the external rota- 
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FIGURE 5-46. 


Large posterior humeral osteophytes can form a ban- 
to external rotation and dislocation of the humeral he; 
at arthroplasty surgery (A). Reduction of large poster! 
osteophytes onto the glenoid face can usually be a 

COrr\D)ished by placing * ^rtooih extractor (ftrougfl V 

joint while the humerus is in internaJ rotation (B)and the 
gently externally rotating the humerus (C). 
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FIGURE 5-47. 

Humera. osteotomy planes. A. The preferred osteotomy P^ne passes JJjt *~£»*J«ggZ TtS 


tion of the forearm with the elbow flexed to 
a right angle. Cutting the head under direct 
vision with an osteotome while protecting 
the cuff with a blunt elevator facilitates ver- 
ification of the plane and safety of the cut. 
Throughout the osteotomy, the cuff inser- 
tions and the biceps tendon are protected 
and observed as the osteotome passes by. 

At this point the surgeon has an opportu- 
nity to judge the laxity of the joint By plac- 
ing the arm in 45 degrees of elevation and 
by using a finger to push the humeral neck 
laterally, the surgeon can get an idea of the 
joint volume remaining for the glenoid and 
humeral head component. This step is help- 
ful in determining the need for further soft 
; tissue balancing. If the capsule is so tight 
. that even the smallest head will not fit, more 
_ i — ~ :n ~ooi*;*osl riittiTio awav more neck 


is not an option because the humeral cut is 
already at die cuff insertion. 

The medullary canal of the humerus is 
reamed, starting at a point lateral on the cut 
surface just behind the bicipital groove. 
Starting with a small-diameter reamer, ream- 
ing is continued up to the diameter appro- 
priate to the component, using a slight val- 
gus bias and while protecting the biceps and 
cuff. Slots are made in the tuberosity to ac- 
commodate the fins of the component The 
slot for the lateral fin should be just poste- 
rior to the bicipital groove (Fig. 5-48). In the 
presence of dense bone, failure to achieve 
adequate depth of these slots may result in 
the component being pushed into a varus 
orientation by contact between the fin and 
the bone of tuberosity. A trial component 
body is inserted so that the prosthetic neck 
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FIGURE 


Before implantation of the trial component, a slot is 
curetted in the tuberosity just posterior to the bicip- 
ital groove to accommodate the fin of the trial com- 
ponent. 


< . 


is centered on the neck of the bony hui 
being neither too high {where the c< 
nent will lead to excessive tension c 
superior cuff), nor too low (where i 
lead to subacromial abrasion of the tu 
ities on elevation of the aim). The tria. 
ponent is used as a guide to the excis 
the osteophytes all around the hum era 
(Fig. 5-49). The rotator cuff, axillary : 
and glenoid are protected during ostec 
excision. 

While the trial humeral head is in 
the surgeon can verify that there is sufl 
subscapular^ length to allow 40 degr 
external rotation and adequate posterit 
ity as indicated by 70 degrees of in 
rotation of the arm elevated to 90 degr 
the coronal plane ("scarecrow" po* 
and 15 nun of translation on the po£ 
drawer test. If the joint is too tight wi; 
trial head component alone, it will be 
tighter after the glenoid is inserted. If i 
sary, additional capsular releases an 
formed at this stage to achieve the d< 
laxity. Additional posterior capsular n 
may be accomplished by incising the 
sule at the glenoid rim while the caps 
held in tension by a proximal humer 
tractor (Fig. 5-50). Care is taken to p: 
the axillary nerve below and the cu 
hind. 

With the trial humeral componer 
moved and the proximal humerus disp 
medially # into the joint, the rotator a 



(B) 



FIGURE 5-49. 

A Trial prosthetic 
seated against oste 
where it can serve as a 
for resecting any anteri 
ferior, and posterior < 
phytes that extend beyo 
extrapolated articular su 
B, Osteophytes resectec 
the anterior, inferior, anc 
terior humeral neck. Po< 
osteophytes must be 
moved with great care t< 
tect rotator cuff insertion 
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FIGURE 5-50. 


If necessary, the sequential 
posterior release is accom- 
plished by incising the cap- 
sule at the glenoid rim (re- 
lease at the humerus would 
jeopardize the cuff insertion). 
During this release, the cap- 
sule is tensed by twisting the 
humeral retractor. Care is 
taken to protect the axillary 
nerve below and the cuff be- 
hind. 



palpated to establish its integrity. If a repar- 
able defect involving quality cuff tissue is 
identified, the retracted tendon is mobilized 
so it can reach the tuberosity without undue 
tension with the arthroplasty components in 
place. Sutures are placed in the edges of torn 
cuff tendon and through drill holes in t he 
tuberosities for later tying after the compo- 
nents have been implanted (Fig. 5-51). 
Shorter humeral head components may fa- 
cilitate cuff repair without undue tension. 
Cuff repair in association with shoulder ar- 
throplasty tightens the joint and slows the 
rehabilitation. Thus, the surgeon must en- 
sure that the repair is strong and durable. 
Suturing o f poor-quality tendon or attempt- 
ing repairs when insufficient tissue is pre - 
sent is not advised. 

Tuberosity non-unions should be identi- 
fied and mobilized at this point Severe tu- 
berosity malunions should be osteotomized; 
however, this should not be performed 
lightly: gaining tuberosity union can be dif- 
ficult in the presence of a metal humeral 
component, diminished bone stock, and soft 
tissue contractions. 

Preparation of the Glenoid. Accurate 
preparation of the glenoid bone requires the 
excellent surgical exposure provided after 
humeral head and osteophyte excision and 
capsular release. A flat retractor is placed 
behind the posterior glenoid lip to push the 


head of the humerus posteriorly. When the 
resected surface of the humeral neck is flat 
against the back of the retractor (the arm ex- 
ternally rotated 35 degrees), the humerus 
can be pushed posteriorly with minimal 
force. In degenerative joint disease, this pos- 


i 



FIGURE 5-51. 


Repair of a rotator cuff tear. If tissue is adequate 
for repair, drill holes are placed in the tuberosities 
for cuff attachment before the insertion of the hu- 
meral component. 
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terior displacement of the humerus is often 
facilitated by the fact that the humeral head 
has been chronically subluxated in the pos- 
terior direction. Initially, the glenoid expo- 
sure in degenerative joint disease may ap- 
pear to be poor because the eroded glenoid 
appears to face excessively posteriorly. The 
exposure is often better than it initially 
seems, however, because the preparation of 
the glenoid surface will be along the normal- 
ized glenoid center line. 

The goals of the glenoid part of the arthro- 
plasty are (1) normalized glenoid orienta- 
-"on, (2) direct support of the component by 
recisely contoured bone, (3) secure fixa- 
lon, a nd [4) avoidance of overstuffing. 
"We define glenoid orientation in terms of 
the glenoid center line, that is, the line per- 
pendicular to the center of the normally ori- 
ented glenoid face. The shoulder arthro- 
plasty surgeon should practice verifying the 
landmarks for a normal glenoid center line 
by drilling holes perpendicular to the mid- 
point on the glenoid face of normal cadaver 
scapulae and observing their exit in a con- 
sistent spot just medial to the anterior scap- 
ular neck, that is, the centering point. This 
spot lies between the upper and lower crura 
of the body of the scapula as they approach 
the neck. After the capsular releases have 
been performed at surgery, this centering 


point can be palpated at the lateral exten 
the subscapuJaris fossa. 

Because the location of this center 
point is unaffected by arthritis, it is of gi 
value in normalizing the orientation of a ( 
torted glenoid face. It is particularly use 
in correcting the posterior facing of the \ 
noid face that commonly results from po: 
rior erosion in degenerative joint disease. 

An index finger identifies the center 
point on the anterior scapular neck (Fig. 
52) while a hole is drilled from the cente: 
the glenoid face toward it. Thus, the glen 
center line is defined from anatomic la 
marks that are independent of the direct 
in which the pathologic glenoid appears 
be facing. The orientation of the glenoid f 
is normalized using a spherical reamer w 
a guiding peg inserted along the glenoid c 
ter line drill hole (Fig. 5-53). In degenc 
tive joint disease, this usually requires 
moval of more glenoid bone anteriorly tl 
posteriorly because of the pathologic po; 
rior erosion of the glenoid bone typical 
this condition. During the reaming proci 
the amount of remaining bone support 
the anterior glenoid margin can be mc 
tored under direct vision to ensure that a 
quate bone / stock remains to support 
component. Ideally, reaming is contim 
until the entire bony glenoid face is sph 



(B) 



FIGURE 5-52. 

Use of the glenoid centering point to help orient the hole for glenoid fixation. A, The index finger is inser 
anterior to the glenoid so that its tip palpates the centering point in the sulcus bounded by the thick up 
and tower crura of the scapula and ihe flare of the glenoid vault. B, This centering point serves as a us< 
guide for drilling along the normal glenoid center line, particularly when the anatomic structure is distor 
by eccentric glenoid wear. The normal glenoid center line connects the center of the alenoid face with 
centering point. 
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FIGURE 5-53. 


A, Reaming along the drilled glenoid center line. 
The objective is to normalize the glenoid orientation 
and to contour the glenoid face to match the back 
of glenoid component. B, Accurate contouring of 
the glenoid face improves the quality of bony sup- 
port for the glenoid component. 


cally symmetric about the glenoid center 
line. Sufficient reaming is indicated if a 
smooth back trial glenoid slips easily around 
on the prepared surface while maintaining 
congruent contact with the prepared bone 
(the "Ivory Soap" sign]. Rarely, if significant 
posterior bony support cannot be obtained 
without removing excessive anterior glenoid 
bone, a bone graft can be considered poste- 
riorly (Fig. 5-54). In rheumatoid arthritis, 
minima] reaming is necessary and caution is 
needed— rheumatoid bone is soft and reams 
quickly. 

Once the reaming is completed, the gle- 
noid center line hole can be used to orient 
PJ£Cisfil3La_driU guide for making additional 
Cgxation holes^a required by the particular 
com P° nent design. Each hole is 
chedked to determine if it is competent or if 
it extends through the bone. 
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A glenoid component is selected that cov- 
ers the prepared glenoid face with minimal 
overhang. A bigger component provides 
more stability and more component-to-bone 
load transfer. The quality of the glenoid 
bone preparation is checked by inserting the 
glenoid trial and ensuring that it does not 
rock even when the surgeon's finger applies 
an eccentric load to the rim. 

After water spray irrigation, the holes can 
be cleaned and dried with a spray of sterile 
COj gas. A small amount of cement is added 
to the holes, and the component pressed 
into position. If the back of the glenoid com- 
ponent matches the prepared bony face, 
there is no advantage in an interposed layer 
of cement, which could £ail and displace, 
leaving the .glenoid component relatively 
unsupported. Contact between precisely 
contoured bone and polyethylene provides 
an optimal load transfer mechanism. Fixa- 
tion is checked, and the absence of residual 
cement bits in the posterior shoulder is ver- 
ified. 

In certain circumstances it may be advisa- 



FIGURE 5-54. 


Posterior glenoid bone grafting. When there is a 
major defect of the posterior glenoid, humeral head 
or iliac bone graft can be used to replace a defi- 
cient glenoid lip. If the fixation screw rs recessed 
the bone graft can be contoured and reamed for 
balanced support of glenoid component 
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ble not to insert a glenoid component in 
spite of major abnormalities of the glenoid 
articular surface. One is the condition 
known as cuff tear arthropathy, for which 
the surgical approach is described in some 
detail later. Other conditions in which a gle- 
noid is not inserted include situations when 
there is insufficient bone to support the 
component or where there is insufficient 
room within the soft tissue envelope of the 
shoulder to accommodate even the thinnest 
prosthetic glenoid. Glenoid component re- 
placement may be inadvisable after a previ- 
ously failed glenoid replacement. In this sit- 
uation, the bone of the glenoid vault is 
cpjnniamised^and the chances of obtaining 
durable fbcago^of another component are 
greatly reduced. Finally, when there is a pre- 
vious history of infection that has been clin- 
ically silent for a number of years, perform- 
ing a cementless humeral hemiarthroplasty 
without a glenoid component may be a less 
risky approach than a full glenohumeral ar- 
throplasty. In these situations it may also be 
advisable to perform a non-prosthetic gle- 
noidplasty. Here the glenoid bone is pre- 
pared exactly as described eartier, using the 
glenoid center line and a concentric reamer 
of a diameter slightly larger than the diame- 
ter of the humeral head component's articu- 
lar surface. However, a prosthetic glenoid is 
not inserted. This approach provides the ad- 
vantages of normalization of the glenoid ori- 
entation and concavity without the risk of 
implantation of a glenoid component. 

Insertion of the Humeral Body. Prior to 

at least five sutures of No. 2 non-absorbable 
suture in secure bone at the anterior hu- 
meral neck for later attachment of the sub- 
scapulars tendon. In a modular arthro- 
plasty the humeral body alone is inserted 
into the prepared canal at this point. If the 
tuberosities are intact, and if a good canal fit 
is obtained, no cement is required. Other- 
wise, cement may offer needed control of 
rotation and component height The pros- 
thetic humeral body is inserted so that its 

nfS 18 5 eil } ered on anatomic humeral 
necked the articular surface is correctly 
oriented. Proper orientation of the humeral 
component is more difficult than is com- 


monly realized. An excessively promir 
humeral component overstuffs the joint ; 
compromises its range of motion. An ex, 
sively high component tightens the soft 
sues in abduction. An excessively low cc 
ponent leaves the tuberosities promin 
where they may impinge on the underj 
lace of the acromion. A varus orientat 
places the component in an excessively r 
dial position, tightening the joint by incre 
ing the distance between the scapula and 1 
tuberosities. 

Soft Tissue Balancing. Balancing of t 
soft tissues must be completed before t 
definitive humeral component is inserted 
shoulder arthroplasty with balanced soft t 
sues should allow (1) 70 degrees of intern 
rotation of the arm elevated 90 degrees 
the coronal plane. (2) 15 mm of posteri 
subluxation of the humeral head on the po 
tenor drawer test. (3) 140 degrees of elev 
tion, and [4) 40 degrees of external rotatic 
of the unelevated arm with the subscapuli 
ns approximated. A tighter shoulder n< 
only has limited range of motion but ma 
also foster obligate translation at the e? 
tremes of motion with resultant rim loadin, 
SfaSLfir^ l00Sening ^ c °mponer 

We have found the following strategic 
useful in optimizing soft tissue balance: 

1. Adjust the posterior soft tissue tensioi 
with graduated posterior soft tissue re 
teases as necessary. 

2. If the posterior soft tissues are too tight ir. 
spite of complete capsular releases, use a 
component with a shorter head and neck. 

3. If the posterior soft tissues are too loose 
hya component with a longer head and 

4. If there is excessive posterior instability 
(more than 15 mm of posterior translation 
or complete posterior dislocation) that 
cannot be managed by increased head 
Size, the shoulder should be inspected for 
the sectioning of the rotator cuff attach- 
ments during the humeral head osteot- 
omy or for excessive retroversion of the 
glenoid component. If disruption of the 
cuff has occurred, cuff repair should be 
earned out before the humeral prosthesis 


Aug 03 06 02:l9p Valued Customer 



is fixed into position. Rarely, it may be 
necessary to tighten the posterior capsule 
by suture imbrication inside the joint 
prior to final humeral head component 
placement 

It is important to remember that with a 
humeral prosthesis that fits snugly in the 
medullary canal, changes in version of the 
component are not likely to have a major 
effect in adjusting soft tissue tension or sta- 
bility. 

The prosthetic articulation is observed for 
appropriate joint surface relationships and 
to ensure the absence of impingement of the 
medial neck and shaft of the humerus on the 
glenoid component. It also important to 
check for tuberosity abutment against the 
glenoid at the extremes of allowed motion. 
No part of the bony humerus should touch 
the glenoid component in any allowed posi- 
tion of the joint. 

Prior to closure the wound is thoroughly 
inspected for debris. The joint is put through 
a full range of motion to verify smoothness 
and lack of unwanted contact. The wound is 
drained The subscapularis is repaired se- 
curely to the humeral neck so that the une- 
levated arm can be externally rotated by 40 
degrees. If the subscapularis excessively lim- 
its the range of external rotation in spite of 
the 360 degree release of the tendon and the 
advancement from the lesser tuberosity to 
the neck, the inside-out Z-plasty is per- 
formed in which the capsule is used to 
lengthen the subscapularis tendon (see Fig. 
5-44). The wound is closed in layers. Sim- 
ple interrupted skin sutures are preferred 
when substantial drainage is anticipated or 
when wound healing may be impaired (such 
as in a patient receiving corticosteroids or 
with thin rheumatoid skin). 

Postoperative Care 

Because primary goals of arthroplasty sur- 
gery are to provide motion and smoothness, 
immediate postoperative passive motion is 
important. The immediate postoperative 
program is essentially the same as that used 
after the open release of a frozen shoulder. 
We use a simple motor-driven adjustable 
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cam and pulley system that puts the shoul- 
der through a 90 degree arc of flexion and a 
45 degree arc of rotation (see Fig. 2-38). 
This system is used for at least 24 of the first 
48 postoperative hours. The patient is taught 
to use the opposite aim for assisted elevation 
and external rotation. A "motivation" chart 
is maintained on the wall of the patient's 
hospital room displaying progress toward 
the discharge goals of 140 degrees of eleva- 
tion and 40 degrees of rotation (see Fig. 2- 
44). Grip and external rotation isometrics 
are started immediately. Unless a rotator cuff 
repair has been performed, the patient is en- 
couraged to use the shoulder as comfort per- 
mits for active elevation and activities of 
daily living. If rotator cuff repairs or osteot- 
omies have been performed, active motion 
and isometric cuff strengthening are delayed 
until healing has occurred. 

The details of the standard program are 
shown in Patient Information 5-4. 

The Impact of Shoulder 
Arthroplasty on Shoulder 
Function in Degenerative Joint 
Disease 

Figure 5-55 shows the preoperative SST 
results for patients having glenohumeral ar- 
throplasty for degenerative joint disease, as 
well as the SST responses from patients 6, 
12, and 18 months after their surgical pro^ 
cedure. Such data not only indicate the in- 
crement of shoulder function but also reflect 
the time necessary to regain the various 
functions of the SST. 


Arthroplasty in Rheumatoid 
Arthritis 

The basic principles of shoulder arthro- 
plasty in rheumatoid arthritis are similar to 
those in degenerative arthritis, but some im- 
portant differences exist. Rheumatoid tis- 
sues are much more fragile. The bone is 
more prone to fracture, and the muscle and 
tendons are more prone to tear. Thus, from 
the outset, extreme care must be taken to 
preserve bone and soft tissue integrity. We 
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Figure 56-8. Variety of microclamps, bolh single and double, that 
may be used in microvascular surgery T 


of the anastomosis (Figure 56-10) to avoid bunching the 
tissue near one spot of the anastomosis and to manage rnod- 
crate-sizc discrepancies in lumen size. The surgeon can 
manage larger discrepancies in lumen size by an end-to-side 
technique, described later. 

Ac land has outlined the requirements to achieve a suc- 
cessful microanastomosis.* He deemphasizes the technical 
aspects of the microanastomosis itself and emphasizes that 
success is very dependent on attention to the essential pre- 
conditions of the microsurgery. He delineates these essential 
preconditions as (1) a good working environment, (2) good 
equipment, (3) operative planning, (4) comfortable position 
and hand support for the physician and his assistant under 
the microscope, (5) access and exposure in the surgical field, 
(6) proper choice of vessels, and (7) hemostasis. The tech- 
nical aspects of a microanastomosis, or "central skills" as 
Acland refers to them, are of course extremely important. 
However, more failures of microvascular suTgery are caused 
by the failure to attend to the delineated preconditions than 
to a lapse in the technical skills of suture placement. 

[ cannot overemphasize the importance of a proper work 
environment and the surgeon's comfort, both physical and 
mental, in the clinical microvascular situation. Many times 
a microvascular anastomosis is preceded by hours of tedious 
macrosurgery, coupled with an overriding desire to mini- 
mize the ischemia time of the transferred tissue. Both of 
these factors tend to hurry the technical aspects of the anas- 
tomosis and create a tense environment in the operating 
room. Such a situation argues for the team approach to 
microsurgery, where cooler and more rested heads can pre- 
vail in the surgical environment. A good microsurgical team 
consists of several experienced nurses who are familiar with 
the instruments and the logical sequence of events that take 
place in the microsurgical operating room. Acland appre- 
ciates the importance (and pleasure) of an environment in 
which each team member is valued. A surgeon who has 
spent hours debriding tissue or removing a tumor may prove 
his conscientiousness by calling for a rested team member 



Figure 56-9. Placement of futures 1 20 to 1 80 degrees apan (trian- 
gulalion) and then placement of mild traction on those sutures 
facilitates placement of subsequent sutures with minima) chance 
of catching back wall. (Modified from Daniel RK and Terzis JK: 
Reconstructive microsurgery, Boston, 1977, Little. Brown & Co.) 



Figure 56-10. Example of placement of sutures bisecting space 
of two previously placed sutures. Numbers represent sequential 
placement of sutures. (Modified from Berge A and Tizian C: Atlas 
of microsurgical technique. Norfolk, Va, 1987, Hampton Press.) 


Table 56-1. Recommended ratio of vessel size to 
suture size 



Recommended suture size 

Vessel size 

in diameter 

>3 mm 

8-0 (45 u.) 

2-3 mm 

9-0 {35 u,) 

0.8-2 mm 

10-0 (22 u.) 

<0.8 mm 

11-0(18 p.) 


From Shaw WW and Hidalgo DA Microsurgery in trauma. MT Kisco, 
NY. 1987. Future Publishing Co.. Inc. 
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Figure 56-11. Comfortable sitting position with wrist resting on area adjacent to operative field. 
This ensures minimization of tremor and more accurate suture placement. 


to come in and perform the technical exercise of the mi- 
crovascular anastomoses. 

Physiologic tremor is a normal involuntary motion ac- 
companying al! postures and movements. 25 Although it is 
usually less than a millimeter, physiologic tremor may lead 
to significant technical difficulties or frank errors in micro- 
vascular surgery. 81 Studies of physiologic tremor have de- 
termined that the tremor amplification is directly related to 
muscle tension. 82 Harwell and Ferguson 31 examined the 
causes of physiologic tremor and devised a biofeedback 
learning technique for diminishing this tremor. 

Components of the motor system that maintain muscle 
tension and limb position are controlled by reflex spinal 
circuits. 48 These circuits contribute to the physiologic 
tremor. By resting the wrist comfortably on the operative 
field, the surgeon can physically block most of these re- 
cruited tremors (Figure 56-11). Instruments carried by the 
fingers must be lightweight to prevent mass loading of the 
fingers and must have low closing pressures to reduce the 
need for recruitment of large motor units. A relaxed body 
posture reduces tension in postural muscles and prevents 
coactivation of muscle in the hand and arm. The surgeon 
should avoid muscle fatigue from extensive surgery before 
the microanastomosis to prevent loss of smaller motor units 
critical to fine movements in the hand and fingers. Longer 
cases may require the team approach, with one team as- 
signed to the majority of the macrosurgery and another team 
devoted to the microsurgery. 

A low level of emotional stress is also very important in 
controlling tremor. A relaxed and calm approach to the 
microanastomosis will prevent excessive tremor, which 
Tyrer and Bond showed to be humoral) y mediated by epi- 
nepherine blood levels." Indeed, propanonolol was shown 
to be effective in reducing symptoms of anxiety in musicians 


and in some cases improving their performance"; however, 
propanonolol is not recommended for microvascular cases. 

Operative technique 

End-to-end anastomosis. After the microsurgeon and 
the assistant get comfortably situated and the two ends of 
the blood vessels are placed next to each other without 
tension, t he technical suturing of the microanastomosis be - 
gins^ 

Before placing the sutures, place a background behind 
the vessels to keep other tissue from impinging into die site 
of the anastomosis. Remove the adventitia from the ends 
of both vessels by blunt and sharp dissection with the mi- 
croscissors. Irrigate the vessel lumens with a dilute solution 
of heparin (5000 units in 100 ml of saline) and remove any 
small clots carefully. Then examine the intima for any ir- 
regularities that mi«ht lead to thrombotic activity or tur- 
bulent flow. Do not tolerate damaged or loose intima. Trim 
the vessel in question further to a point where smooth, 
contiguous intima appear. Dilate the vessel slightly by plac- 
ing a blunt vessel-dilating forceps into the lumen and spread- 
ing carefully. Overdilation can be dangerous and actually 
lead to spasm of the vessel. Slide the clamps holding the 
vessel ends on the connecting bar so chat the vessels are 
approximately half a vessel's width from each other. 

Pick up the needle and grasp it so that you angle the 
needle in the needle holder to place the needle in the tissue 
at a comfortable angle for the fingers and wrist. Grasp the 
tissue near the anastomosis with a tissue forceps, taking care 
not to grasp the intima. Place the needle perpendicular to 
the tissue and then pass it through the tissue,, As the needle 
becomes visible in the lumen, rotate the needle to become 
parallel with the work surface. After several millimeters of 
needle arc visible in the lumen, release the needle com- 
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pietely, regrasp it, and p ull it through the tissue gently at 
an an gle consistent wiin the curve of the needle. 

A tendency exists to attempt to pass the needle through ^ 
both^ vessels in one stroke. T his maneuver is unwise, es- ' 
pecially for the novice; it allows for imprecision in placing 
the needle through the second vessel wail, which leads to 
tears or redundant flaps of vessel wall tissue. Withdraw the_ 
needle from the first vessel an d then remount it on the needle 
holder to pass through the second vessel wall similarly. 

After passing the needle through both sides, you may 
wish to switch to a lower magnification for a larger field of \£jf\ 
vision. This is helpful in seeing the suture wall to tie the -fv^ 
knots properly. 



P. 


Knot tying'Under the magnification of the operating mi- / v 

croscope is actually quite easy and the experimental micro- 

Figure 56-12. Suture is grasped and loop is formed by redundancy 
of suture. 


-Dti 



surgeon may tie the microsurgical knot faster than the ma- 
crosurgery knot. The main difference, as May 50 pointed out, 
is that microsurgical knot tying is a visual maneuver, and 
macrosurgical tying is a tactile maneuver. 

To tie a knot grasp the suture to the left of the vessel 
lumen approximately 10 to 15 mm from the vessel edge and 
draw it to the center (Figure 56-12). This allows a loop to 
b e formed. Pass the forceps through the loop and grasp the 
free end of the suture, which is approximately 3 to 4 mm 
long. Then pull the free end back through the loop till the 
suture knot is snug but does not tear the vessel wall (Figure 
56-13). Use a surgeon's knot if slight tension exists at the 
anastomotic site. Complete the second throw of the square 
knot by making the loop in the opposite direction. To fa- 
cilitate this you may use the needle holder to depress the 
suture in the direction you wish to make the loop, just as 
you begin the loop (Figure 56-14). 

Complete a third and fourth throw in a fashion similar 
to throws one and two. The distance between the edge of 
the vessel and the suture should be equal on both sides and 
approximately 0.2 to 0.3 mm wide. The loose suture ends 
should be relatively short and should not stick into the lu- 
men. If the knots have been tied correcdy, the cut ends 
should lie perpendicular to the approximated edges of vessel 
and parallel to the line of placement of the suture. Alter- 
natively, you may wrap a long end of the suture around the 
clamp in a figure-of-eight to hold the vessel in place and 
ready for second stitch placement (Figure 56-15). 

Placement of the second suture is a very important step 
and will determine the placement of all other sutures in the 
anastomosis. Place the second suture from 180 to 150 de- 
grees around the circumference from the other suture ( Fig- 
ure 56-16). Do this, of course, on both sides. This step is 
particularly critical if the lumen diameters are noticeably 
different. Place the suture at the same number of degrees 
on the second lumen to leave the same relative amount of 
circumference between the two sutures. After you accom- 
plish this, the basic principle of bisecting the space between 
each suture is most likely to produce a patent anastomosis 
with optimal laminar flow. 





l~1 




Figure 56-13. Free end of suture is then pulled through knot 



Figure 56-14. Second throw of knot is made square by making 
loop in opposite direction. { 
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Figure 56-15. Slight tension is placed on this corner stitch, and 
short end is trimmed. 



F.eure S6-I6. Second suture is placed 150 lo 180 degrees from 
first suture. If ^seis have size discrepancy, same number of 
degree on each lumen should be apfr^imated to prevent bunchmg 



Fmure 56-17. After completion of anterior wall, clamp is flipped 
over, which maintains vessel orientation and allows for completion 
of posterior wall in anastomosis. 


As mentioned earlier, the triangulalion technique is often 
used in placing sutures. This technique allows for precise 
placement of each suture at an exact distance from the su- 
Les at the apices of the triangles. It also helps to pull the 
wall of the vessel away from the opposing wall and prevent 
placing the needle and suture through the back wall, thereby 
preventing occlusion of the lumen. 

After completing the anterior wall, turn the vessels over 
180 degrees and make a similar placement of the sutures 
with bisection of the distance between sutures on either side 
iFieure 56-17). Note the accurac y nf placement of the from, 
^^^ flJuUlunS!U and observe for an inUmal flap 
^nSSdvertent suture placement into the back wall The 
last few sutures are more critical because the lumen of the 
anastomosis is difficult to visualize and thus more danger 
exists of catching the back wall with the needle. To preve* 
this place the last two or three sutures while observing the 
lumen and leave the sutures long. Then tie these last sutures 
sequentially just before microclamp release. 

Consider anastomosing the artery or vein first, depending 
on the efficiency of the technical aspects. Take care that the 
aiterv does not cross over the vein before performing these 
anastomoses so that the vein is not partially occluded. Vs ,th 
prolonged ischemia you may elect to complete the artenal 
microanastomosis and reestablish flow to the t.ssue before 

anastomosing the vein. 

End-to-side anastomosis. Often an unacceptable dis- 
crepancy in size between a small flap vessel and a larger 
recipient vessel exists. A discrepancy greater than 2.1 w,ll 
lead to excessive turbulent flow and intimal flaps that are 
unacceptably thrombogenic. Also, occasionally a vital sto- 
gie artery is present and cannot be sacrificed. An end-to- 
s.de anastomosis in this case will allow for flow to the flap 
as well as continued How distally in the vital vessel 

Several experienced groups of microsurgeons have ex- 
pressed a preference for the end-to-side anastomosis for two 
reasons. Ftrst. a cut end of a vessel will contract as the 
muscular layers of the vessel spasm. An artenotomy in the 
side of an artery will actually be pulled wider as the muscular 
layer spasms because of the direction of the muscle fibers 
(Figure 56-18). This argues for the end-to-side anastomosis 
in cases of moderate or severe vasospasm. Second, because 
of the technique of the end-to-side anastomosis, it is less 
likely to catch the opposite vessel wall of the anastomosis. 

To perform the end-to-side anastomosis, remove the ad- 
ventitia from a small area. Grasp the muscular layer with a 
jeweler s forceps, pull, and cut it with a sharp scissors to 
obtain an oval opening. Surgeons often perform on the pos- 
terior wall of the end-to-side anastomosis first for technical 
ease If thev perform on the anterior wall first, the posterior 
walls are very difficult to visualize and technical errors are 
more likely. Consider cutting the donor artery at a slightly 
oblique angle to lessen the amount of turbulent flow (Figure 

56-19). , .. . 

In approximating the tissue the surgeon ntustdec.de how 
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igurc 56-18. Although circular fibers of end-cut vessel will tend 
» narrow lumen, side eul in recipient vessel will become larger 
'iih smooth muscle contraction and tend to open lumen. (Modified 
-om Daniel RK and Terzis JK: Reconstructive microsurgery. Bos- 
>n, 1977. Little. Brown & Co.) 




nany sutures to use. If he uses too few, excessive leakage 
vtll lead to perianastomotic hematoma and eventual throm- 
bus within the lumen. If the surgeon places sutures too close 
:o each other, they may constrict the lumen diameter and 
jlso expose an undue amount of subintimal thrombogenic 
substances, causing excessive white thrombus formation and 
perhaps blockage of the lumen. Colen and co-workers 17 
studied this problem in a rat femoral artery model and found 
that eight sutures were the ideal number for strength of the 
anastomosis and for patency. However, the surgeon rarely 
encounters the exact diameter of the rat s femoral artery 
without a lumen size discrepancy in the clinical situation. 
The number of sutures should be enough to obtain a good 
sea) within 2 to 3 minutes of reestablishing flow. A mi- 
croarnount of white thrombus formation to plug the gaps 
between sutures is helpful to prevent excessive leakage and 
hematoma. 

Continuous suture technique is not well accepted in mi- 
crovascular surgery, and the objectives of lumen narrowing 
and purse-stringing are exacerbated in the microvascular 
arena. The main advantage is a marked reduction in anas- 
tomotic time (often greater than 50%). Hamilton and 
O'Brien 50 believe that the time advantage is outweighed by 
other technical problems. Acland and Man 5 described a 
modified continuous suture technique equal in palency rate 
to the interrupted suture technique. Continuous suture tech- 
nique is less constricting in the case of the end-to-side anas- 
tomosis. Especially in larger microvessels, running the su- 
ture down one wall and running a second continuous suture 
on the other wall is frequently possible. 

Vein grafts. Not infrequently the distance between the 
recipient vessels and the free flap vessels is too great to 
allow for direct anastomosis of the vessels. This is partic- 
ularly a problem in severe trauma to the lower extremities, 
where the microsurgeon must perform the anastomoses out- 
side of the zone of injury. Tension on the microanastomosis 


Figure 56-19. Proper trimming of donor vessel in convex form 
allows for adequate lumen formation (below). Concave formation 
of vessel tends to block lumen with anastomosis (above). (Modified 
from Shaw WW and Hidalgo DA: Microsurgery in trauma. Mount 
Kisco, NY, 1987, Futura Publishing Co., Inc.) 


is absolutely unacceptable and will inevitably lead to throm- 
bosis. The surgeon in this situation should use autologous 
vein grafts to bridge the gap. 

The size and length appropriate for vein grafting can be 
found in the forearm, metacarpal region, or leg. For lower 
extremity trauma, use the opposite leg or an arm as a donor, 
since the severe trauma may already have compromised the 
venous return in the affected leg. Consider these technical 
factors when choosing the vein graft: (1) the graft must be 
a similar size; (2) the length must be correct (a redundant 
vein graft will lead to kinking and turbulence); and (3) the 
direction of the valves must allow for proper flow. 

For longer interposition vein grafts, construct a temporary 
arteriovenous shunt by anastomosing one end of the vein 
graft to the recipient artery and the other end to the recipient 
vein. This shunt allows for early established flow in the 
vein graft to check for patency and adequate flow in two of 
the microanastomoses. Make the attachment to the free flap 
by dividing the vein graft loop in the middle and completing 
the microanastomoses to the free flap vessels. 

Investigators have not demonstrated vein graft length to 
be a factor in patency rates. However, avoid longer vein 
grafts of small diameter. Use gentle dissection of the vein. 
Generally perform the entire dissection by handling the tis- 
sues adjacent to the vein itself. Carefully ligate side 
branches. Too short a side branch will promote turbulent 
flow and thrombosis. Coagulate smaller side branches with 
a bipolar cautery. After harvesting the vein temporarily, 
store it in a physiologic solution (such as Ringer's lactate) 
to prevent dedication or mechanical injury. 
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Micro Anchor 

Surgical Procedure 


mitek 

PRODUCTS 


ouronniere deformities of the P!P join: are common 
athletic injuries chat can prescn: as acute instability with 
inability to extend the PIP joint. They may also present in a 
more insidious rash ion with a note of a progressive deformitv 
or PIP joint flexion and hypertension of the DIP joinr. These 
injuries may be treated by splinting and passive flexion of the 
DIP joint, but frequently do no: resolve with splinting atone, 
and reouire further sureicx intervention. 


Surgical explornrion usually reveals that the centra- slip is avuised From the dorsal base of 
the middle phalanx. This avulsion historically has been difficult. :o repair. The Mirek'- 
Micro QuickAnchor" has been proven helpful in facilitating reinsertion of the central 
slip into the base of the middle phalanx. 



1 . A curvilinear incision is made overlying rfie dorsal aspect of the 
PIP joinr of the affected finger (Figure 1). 



2. There is usually confluent scar formation overlying the PIP joint, 
with subluxation of the lateral bands volar to the mid-axis of the PIP 
joint and retraction of the normal tendinous portion of the central 
slip proximaliy from the PIP joint with splitting of the triangular 
ligament (Figure 2). 



3. Incisions are made dorsal to the lateral band (Figure 3). The 
attenuated dorsal capsular structures are released from the base 
of the middle phalanx and retracted proximaliy until observation 
of the volar surface of the extensor tendon reveals tendon that 
appears normal. The scarred portion is excised in its entirety, and 
the central slip of the tendon is mobilized distally to the base of 
the middle phalanx. 


626 403-1784 p.3 



4. At this point the transverse retinacula ligaments must be released 
at the level of the PIP joint to allow dorsal displacement and realignment 
of the lateral bands overlying the PIP joint (Figure 4). Once these structures 
ore mobilized, the dorsal base of the middle phalanx is rongeured 
superficially to reveal o bleeding bed of cancellous bone. 


5. The PIP joint is pinned in extension in a retrograde fashion (Kqure 51 
with a .045 K-wire. " 


6. The drill hole for the Mitek® Micro QuickAnchor® is made dorsally 
at the base of the middle phalonx wilh the 1 .3 mm drill bit supplied 
stenle wtth the anchor kit (Figure 6). A Mitek Micro QuickAnchor is 
inserted at the base of the middle phalanx according to the manufacturer's 
instructions, wilh care token to ensure that the anchor is aligned with 
the ririll hntp ntri'i - This will facilitate anchor deployment and 
proper subcortical insertion. 


7. Once excellent fixation of the anchor is validated, the central slip is 
sutured jp the middle phalanx in a fashion that permits (he knot of me 
suture anchor to be buried beneath a portion of the tendon (Fiaure 7J 


8. Oncefixationjof the central slip is completed, the lateral bands are 
brought dorsally to the level of the central slip and the triangular 
igament is reapproximoted with the 4-0 absorbable suture (Figure 8) 
When this is done, the wound is closed in layers and the patient is 
placed in a supportive splint that leaves the DIP joint free for passive 
nexion exercises. 

* 

The joint is protected in extension for 4 weeks ot which time the 
transarticular pin is removed. The patient is maintained in a 
thermoplastic splint with PIP extension end DIP left free, and 
started on a very guarded actively assisted range-of-motion 
program that is continued 6 weeks after the surgery. Further 
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Shoulder 



Introduction 

In this chapter, the anterior, 
superior, posterior and axillary 
approaches to the glcnohumeral 
joint will be described, as will the 
anterior, transacromial and pos- 
terosupcrior approaches to the 
subacromial space. 


shoulder are necessary, it may be 
more practical to put the patient 
in a seated position with the arm 
draped free. During the axillary 
approach, wide abduction of the 
arm is essential. For the posterior 
approach, the patient is placed 
prone with the head and neck 
firmly supported on a head rest 
(see page 57, A). The arm is 
draped separately. 


Position of patient 

For the anterior, superior and 
transacromial approaches to the 
shoulder, the patient should be 
placed in the semi-sitting or 'deck- 
chair' position. The head and neck 
are firmly supported on a head 
rest. The patient's trunk is raised 
at an angle of 40° to the horizon- 
tal. Elevation of the shoulder helps 
to reduce the bleeding during 
surgery. The legs must be slightly 
raised above waist level to prevent 
venous stasis. The arm is draped 
separately. A sandbag is placed 
under the medial border of the 
ipsilateral scapula. Access is thus 
afforded to all aspects of the shoul- 
der. When simultaneous anterior 
and posterior approaches to the 


Skin incisions 

Certain incisions placed over the 
anterior aspect of the shoulder 
heal poorly, often with keloid 
formation. Incisions should be 
placed parallel to the skin creases 
and should be closed with careful 
a pproximation oi the subcutaT- 
jieous tissues and a subcuticular 
suture to the skin. 

Osteotomy of the 
acromion and clavicle 

A An osteotomy of the acro- 
mion or clavicle may be required 


for the exposure or decompres 
sion of the rotator cuff. The acro- 
mion should only be divided in 
the coronal plane and never in the 
sagittal plane. The osteotomy may 
be placed as shown: 

a Relatively posteriorly if supras- 
pinatus is to be exposed. 

b If the anterior acromion is to 
be excised, the osteotomy is 
sited towards the anterior mar- 
gin and should be oblique, to 
preserve the deltoid origin. 

c Division of the lateral clavicle 
should be oblique, leaving the 
anterior border longer than 
the posterior, which gives a 
more effective decompression 
of the rotator cuff than a trans- 
verse osteotomy. 

Both the osteotomies of the 
clavicle and of the acromion 
recommended here run in the 
traction lines of the adjacent mus- 
cles and hence there is no danger 
of the cut bone ends being dis- 
tracted with resultant delay in 
union of the osteotomy. 



1 coracoacromial ligament 

2 coracoid process 

3 clavicle 

4 supraspinatus 

5 spine oi scapula 

6 acromion 

7 subacromial bursa 
a,b osteotomy of acromion 
c osteotomy of clavicle 
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I The flaps can be reattached 
with sutures passed through the 
hone and thus the origin of deltoid 
mav be reconstructed. 


I— 
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The Mitek* 2.0 mm T; 

Smaller Size. Superior Strength. Increased Safely. 


Plastic and reconstructive surgery is an exact art, demanding absolute accuracy for optimal 
alignment. Surgeons must be able to precisely reattach tissue to bone t o realize optimal 
results, not be hampered by operative constraints. Patient safety is paramount, just as lasting 
results are critical. Yet, achieving all this is not always simple/That is whyMitek designed the 
2.0 mm Tacit Threaded Anchor — its presence unspoken^ts fixation secure^ 




Inserting the Tacit Threaded Anchor 

Specialized instruments facilitate placement of the Tacit Threaded 
Anchor: 1.7 mm Tacit Drill, Anchor Loop and Tacit Inserter. With these, 
placement is easy and fixation is secure. 


Actual sue: 
2.0 mm 
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if Threaded Anchor 


Tacic, a titanium alloy implant, locks 
suture in predrillcd bone sites. Its 
miniaturized dimensions allow precise 
anatomical placement, simplifying 
intricate operations while facilitating a 
wide range of procedures from 
endoscopic brow lifts to scapholunate 
ligament reconstruction. Throughout 
the plastic and reconstructive fields. 
Tacit ensures optimal results. 



Small 

Tacit* s miniaturized size allows intra- 
operative flexibility, permitting the 
surgeon to select the location for 
optimal fixation. _ 

Strong fo\CQ^V^O 

Tacit s fixation stre ngth in cortical bone 
is more than twice the break strength 
of #2/0 suture. 

Safe 

With an anchor depth of only 4.0 mm. 
Tacit offers solid security, as proven in 
biomedical- and clinical evaluations. 




Drill the Hole 

Using the drill, prepaie the 
anchor's insertion site. 



Thread the Suture 

• To attach a single strand of 
braided suture, 2/0 or smaller, 
to Tacit 

— Pass the suture through 
threader tab wire. 

— Pull the anchor off the 
threader into the midtfle 
of the suture. 

— Discard the threader. 

• To attach a monofilament 
suture, 3/0 or smaller, to 
Tacit: 

— Place the suture directly 
through the anchor 
eyelet. 



Attach Anchor to Loop 

• Place Tacit with suture 
into the loop, leaving 5-6 
inches of suture lead. 

• Place the nontoop end 
into the hole in the metal 
tip of the inserter. 

• Pull the loop through the 
inserter, grasping the non- 
loop end. 

• Pull the suture taut while 
adjusting the anchor into 
the hex; this secures the 
anchor. — "~~™ 


Mitek 

Revolutionary Designs. 
Multispeciatty Applications. 
The Gold Standard. 

Worldwide, Mitek Anchors sec the gold 
standard for soft tissue reattachment. 
Mitek's unique proprietary suture 
a nchor p roduct lines enhance a wide 
range of surgical techniques, speeding 
operational successJlarijdlJL^tek is 
the first name i^suture anchors.^ ^ — 



Insert the Anchor 

• Using the inserter, place 
the anchor tip into the 
drill hole and establish 
axial alignment 

• Twist inserter clockwise 
until anchor disengages 
(approximately four 
revolutions). 

• Remove inserter. 
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Ordering Information 


Cat. No. Inscription Quantity 


222220 Mitek 2.0 mm Tacit Threaded Anchor with 

Double Ended Threader Tab 2/box 

219120 Tacit Inserter 1 1 j a 1/box 


2H002 1.7 ram Tacit Drill ^ lfbax 
214567 Anchor Loop l/ bo * 


For more information on the Mitek** 2.0 mm Tacit™ Threaded Anchor 

call your Micelc representative or 

1-800-382-4682. 


mitek 

PRODUCTS 

E T H i C O N 

Mitek Surgical Products, Inc. • 60 Glacier Drive ■ Westwood, Massachusetts 02090 

Mitek is a registered trademark. Toot, Fattin, and The First Name In Suture Artchon. "are trademarks of Mitek Surgical Product*, htc. 
US. Patau: 4.632, 100; and foreign patent righa: Ausrmfa. 581535; Canada 1.252364; Europe. 0217541; France. FR021754); 
Germany. P 367-2435-1; Great Britain. GB 021754 J; Italy, IT 021 7541 Japan. 1922003. Other patents pending. All rights reserved 
© 1996 Mitek Statical Products. Inc. 
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LactoSorb® 


Office Fixation Kit 


The LactoSorb* Office Fixatiori Kit is extremely easy to use. Requiring 
only three instruments and utilizing the LactoSorb* patented resorbable 
screws (complete resorption in one year), the need for a secondary 
procedure for screw removal is eliminated. The elimination of this 
second surgery effectively decreases the overall cost of the brow lift 
procedure and provides convenience for both surgeons and patients. 

LactoSorb* Suspension Screws were developed specifically for 
endobrow procedures an d have a unique eye let hole 
that can accept suture for securing the brow. 
Once seated, the screws are low in 
profile until they ultimately resorb 
completely. These screws, 
combined with our 
Self -Drilling Tap, can 
make your office 
procedures quicker and 
easier to perform with 
the end result being a 
more satisfied patient. 



Description 

, i 

Stock No. 

SCREWDRIVER 

| 5)15-2002 

HANDLE (FOR TAP & HH DRIVER) 

! 915-2004 

SELF-DRILLING TAP BLADE 

j 915-2074 ' 

DIRECT DRIVE BLADE 
(screw remover) 

915-2003 

SUSPENSION KIT 

CONTAINER 

(autoclavable) 

915-2007 

SUSPENSION KIT 
(includes 1 of each: 915-2002, 
9 1 5-2004. 915-2074. 915-2003 \ 
915-2007 

915-1000 


\ Description 

Stock No. 

SUSPENSION SCREWS 
2.0mm x 5mm 1 pack 

; 915-2335 

SUSPENSION SCREWS 
2.0mm x 5mm 2 pack 

915-2330 


— — • * r > 


The following brow lift technique has been developed in conjunction with: 
Anthony Sclafani. MD: New York Eye & Ear Infirmary. New York. NY 
David Hoick. MD: Willford Hall Medical Center, San Antonio. TX 

Douglas Sinn, DDS: University of Texas. SW Medical School 
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With LactoSorb® 


© 



© 
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e 


Determine the location of the scalp incisions. 


Determine and mark the planned position for the fixation screws. 


Through each incision, perform sub periosteal dissection. 


Insert the Self Drilling Tap into the tap handle and drill tap 

a 2.0mm hole until the collar of the tap touches the bone (5mm). 


Fully insert the screw into the tapped hole until the head of the 
screw contacts the bone and the hex head detaches. 


Pass the suture through the head of the screw. If a 3-0 or smaller 
suture is used, jufure may be passed through the screw head using 
the suture need le. If a 2-0 suture is used, remove the needle and 
thread the suture through the screw head, then attach the suture 
to a suture needle. 


Perform the elevation. 




Pest -Operative 


The 

LactoSorb® Material 


Pre-Operaiive 



LactoSorb* Resorbable Craniomaxillofacial ^ation jias been used 
successfully in over 7,500 patients and is able to achieve 
predictable and clinically appropriate resorption. Unlike titanium 
screws, which are customarily removed 10 to 14 days after a 
brow-lift procedure, LactoSorb® completely resorbs within one 
year, thus eliminating the need for post-operative screw removal. 


VUORENZ 

SURGICAL 


For More Information About The Complete Line Of 
LactoSorb 9 Resorbable Craniomaxillofacial Implants, 

Call 800-874-7711 
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to.LORENZ 

SURGICAL 


WALTER LORENZ SURGICAL, INC. 
1520 TRADEPORT DRIVE • JACKSONVILLE, FLORIDA 32218 
904-741-4400 • FAX 904-741-4500 • INTL FAX 904-741-5521 
TOLL-FREE 800-874-771 1 • www.lorenzsurgical.cora 


This brochure ,s presented to demonstrate the surgical techniques utilized by surgeons familiar with the LactoSorb* amTitS applica- 
tions associated with endobrow procedures. As the manufacturer of this device. Waller Lorenz Surgical does not practice medicine and 
docs not recommend this or any other surgical technique for use on a specific patient. The surgeon who performs any procedure is 
responsible for determining and unlizing the appropriate technique for such procedures for each individual patient. Walter Lorenz 
Surgical is not responsible for selection of the appropriate surgical technique to be utilized for an individual patient. 
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Anterior Shoulder Instability, Impingement, and Rotator Cuff Tear 


203 


Decision Making: Addressing the Capsular and 
Labral Pathology 

At this point die surgeon is required to make a decision 
based on the patient s history, findings on physical ex- 
amination, and operative findings. The surgeon must de- 
cide the degree of capsular redundancy present and the 
need for capsular shift. In addition, die surgeon must de- 
termine the presence or absence of a Bankart lesion. 

It is common for the athlete who has had isolated 
traumatic events in the absence of chronic rnicrorepeti- 
tive trauma to have an isolated, complete Bankart lesion 
without significant capsular laxity. In this case the 
Bankart lesion itself may be repaired without performing 
a capsular shift. The Bankart lesion may subsequently be 
repaired through the exposure gained by the longitudi- 
nal capsulotomy. This allows the Bankart lesion to be re- 
paired anatomically, preserving the underlying labrum if 
it is not damaged, and without shortening the capsule to 
effect a repair to hone. When a complete Bankart lesion 
is observed at the patient's diagnostic arthroscopy; re- 
pairing die lesion must become a part of the surgical 
plan. If the labrum is severely damaged and altered ana- 
tomically, it may be removed. In chronic cases the labrum 
nun- be absent and the avulsed capsule is repaired di- 
rectly. Even in the presence of an excellent capsular shift 
performed laterally at the humeral head, one of the most 
common causes of reconstructive failures has been well 


documenied to be the presence of an unrepaired Ban- 
kart lesion.* 0 * 17 iM 

At the time of the patient's diagnostic arthroscopy, the 
integrity of the glenohumeral ligaments is evaluated. The 
importance of evaluating the ligaments in the patient 
with atraumatic instability lias been emphasized, but the 
physician should also realize that the patient with trau- 
matic instability and the presence of the Bankart lesion 
may have pathologic laxity and attenuation of the gleno- 
humeral ligaments and capsule as well. In the presence 
of significant capsular laxity, repairing the Bankart lesion 
alone will not yield a stable joint, and problems of sub- 
luxation will continue. 

When the longinidinal capsulotomy has been com- 
pleted and the joint has been exposed, the glenoid 
labrum and capsule should be reevaluated to confirm the 
impressions gained at the examination . under general 
anesthesia and the arthroscopic evaluation. The glenoid 
labrum should be carefully palpated with a small probe 
to determine the presence or absence of a Bankart lesion 
that may not have been appreciated at the time of 
arthroscopy. The capsule must be palpated for its in- 
tegrity, volume, and ability to tighten and buttress the an- 
terior inferior joint margin during external rotation of 
the arm. At this time the surgeon decides the amount of 
the capsular shift. Hie operation may be tailored to the 
patient s degree of laxity. 



FIGURE 7-39 Exposure of the glenohumeral joint. 
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The Shoulder 
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Scapular neck 


FIGURE 7-40 Drilling of ihe suture anchor holes 


Treatment of a Bankart Lesion 

If a Bankart lesion (detachment of the anterior la- 
brum and capsule) is present, the undersurface of the 
labrum should be roughened to promote healing of 
the labrum. The soft tissue and periosteum underneath 
and medial to the avulsed labrum and capsule is stripped 
to expose the bony anterior scapular neck. A curette and 
power burr may be used to abrade the anterior scapular 
neck and glenoid rim to provide a healing surface for 
fixation of the Bankart lesion. 

The Bankart lesion is repaired by suture fixation to 
the prepared anterior scapular neck. This may be per- 
_ formed with the use of a curved spike-awl, as described 
ivO^ by Rowe,^ or by using a right-angle drill.*' The holes 
^ Qr *i° n & lne anterior glenoid rim are usually placed at 3. 4, 

<J~JPj> jC| and 5 o'clock positions for the right shoulder (Fig. 7-40) 
& \j^Jt$ and 9 ' 8 ' 111(1 7 oclock pus*** 011 * for thc !cft shoulder. TTac 
"0^0 p referred technique at this time for suture placement 

^Aj^r e mploys bony anchors* (F ig. 741). The bone anchor al- 

* — ^ y lows for accur ate placement of the sutures along the an- 
terior scapular neck even in the presence of a significr-^ 

1 *Mtcck Surgical Anchor Products, Norwood, MA. 




glenoid deficiency. An additional significant advantage of 
the bone anchor is the fact that the articular cartilage, 
along with anterior glenoid, does not have to be violated, 
as required with the use of standard Bankart instru- 
ments. The only disadvantage to using the bojje^jiachor 
is the need for placement of a small meialli^xatioj i/le- 
vice within the cancellous bone oi the glenoid neck. 

The -2 nona bsorbable suture s hould be used to reat- 
tach die avulsed labrum and capsule anatomically in the 
prepared scapular neck. By reattaching the labrum ami 
medial capsule anatomically to die scapular neck, capsu- 
lar shortening is avoided, and the potential for lost range 
of motion is minimized. Hie humeral head retractor is 
then removed, and thc lateral portion of the capsule can 
be closed anatomically or with minimal overlap.. 

Treatment of Capsular Laxity 

After the joint has been exposed and tlic initial longitu- 
dinal capsulotomy performed, the capsule is inspected 
and palpated. At Uiis point the capsule is confirmed as 
being lax or incompetent, thereby determining die deci- 
sion to perform the capsular shift. In patients with mi- 
crorepetitive atraumatic instability, the findings of capsu- 
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tar laxity are typical in the absence of a Bankart lesion. 
The capsule must then be overlapped to obliterate the 
Rdundaney and allow the return of external rotation 
ta is required for athletic function at the same time. 
This is accomplished by incising die capsule down onto 
ihe labrum and medial glenoid neck for subperiosteal el- 
evaiion.This obviates a need for capsular shortening dur- 
ing its repair. Tag sutures have been placed at die margin f ^ 


Before the sutures arc placed in the capsule , the cap 
sule""is advanced along the anterior glenoid rim and 
labrum in a superior direction again, avoiding any medial 
shortening of the capsule. The location of the capsule as 
it corresponds to the three previously placed sutures is 
noted to mark the locatio n for a proper placement of the_ 
sutures i n the inferior capsular leaf (Fig . 7-42). Beginning 
with the inferior suture, the sutures are brought through J^L 
^. ..,\ *c *■««• iow... »i#> in rh#- nrpvioimlv marked 


in* its rcnair Tail sutures nave oeen piaccu m u«- i»««t>'" / — . ■ , t . 

7£«£2U just Uucra. ,» L labnun for ca^he medial y of the ^ : pr^ou^ ^ 
\ . position with careiul attention to protect tne axiiiar) 


identification. 

At tliis time, exposure is facilitated by inserting a sin- 
gle-prong, narrow humeral head retractor. The humeral 
brad retractor should be placed so the small, single 
prong is behind die inferior glenoid rim. Inferiorly, the 
axillary nerve is protected by using this retractor. 

The inferior leaf of the capsular tissue contains most 
of the inferior glenohumcral ligament. This portion of 
the capsule is used to reconstruct the inferior ligament 
by advancing the tissue along the anterior glenoid rim 
and shifting it proximalty. This technique also reinforces 
and adds to the anterior buttress and density of the 
hbrum. The superior leal of the capsule will later be 
brought distally over die inferior leaf and labrum, and 
ihcn it will rest along the iinterior scapular neck. The 
capsular repair is maintained by *2 nonabsorbable su- 
lures from the anterior glenoid bone anchors (e.g., Mitek 
bone anchor). 


position with careful attention to protect the axillary 
nerve inferiorly with the use of the small single-point re- 
tractor. The sutures are always brought through capsular 
tissues under direct visualization. After the sutures have 


b een placed, die repair should be tested by pulling , 
tig htly on the suture and noting the position of die cap- y^ 
stile. T he inferior capsular leal should be noted to have 
been drawn superiorly, along the anterior rim of the 
glenoid, without moving die capsule medially along the 
scapular neck. The sutures are then tied, bu t not cut, be- 
cause thev will \>£ used to anchor the superior capsular 
flap. 

The superior capsular leaf is pulled over the inferior 
capsule repjur (Fig. 7^3). As in the preparation of the in- 
ferior capsule, the location of Che superior capsule and 
its relaUv/ position to the sutures are noted, and careful 
attention/is paid to avoid moving the capsule medially as 
the sut/res are brought through its substance. The 


IF 


i"=^*i LP 
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FIGURE 7-42 The inferior leaf is secured superiorly. 


FIGURE 7-45 The superior leaf is secured in- 
feriortv. 
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humcrnl head retractor is then removed and the shoul- 
j£ <lcr is brought through a range of motion to ensure that 
the repair of the superior capsule has not compromised 
| the postoperative safe /.one for range of motion. The su- 
tures are tied and cut. The lateral expansion of die cap- 
sule is then repaired by bringing the superior capsule 
loosely over the inferior capsule with a vest-ovcr-pants 
technique using nonabsorbable suture. 

Treatment of a Combined Bankart Lesion and 
Capsular Laxity 

Because of the multitude of instability episodes, there 
may be distortion of the anatomy, including absence of 
the anterior glenoid labrum and/or a detect in the ante- 
rior glenoid rim. In the presence of a Bankart lesion (cap- 
sular avulsion from the anterior glenoid rim) or in the 
absence of the glenoid labrum, the repair is performed 
by securing the capsule to a prepared anterior scapu- 
lar neck. Typically the capsule has become redundant, 
which necessitates not only a reattachment of the cap- 
sule to the scapular neck, but also a capsular shift. When 
^performing a capsular shik in the absence of a labrum. 
the surgeon must ensure that the capsular shift reduces 
;thc anteroinferior capsular recess without excessively 
muving the capsule medialJy and losing posto perative 
range of motion. 

■ 

|fafe Zone Range of Motion Test 
■On completion of the capsular closure, the arm is taken 
^through a range of motion to determine the point where 
[tension is placed on the repair. The patient may move 
5fwilhin this safe zone after surgery without jeopardizing 
Ijhe reconstruction. This allows the athlete to begin an 
feady range-of-motion program and avoid the complica- 
is of adhesions, capsular contraction, and atrophy, but 
the same time protect the repair. This sale zone usually 
lows abduction above 90° in the scapular plane and ex- 
ternal rotation beyond 45° before tension is placed along 
repair. If at the completion of the procedure, an ade- 
tesafe zone is not allowed, the repair should be taken 
ten and the sutures replaced. Usually when an ade- 
quate safe zone, is not possible, it is because the sutures 
wt been placed too lateral within the capsular flaps ul- 
ltely moving those capsular repairs medially or be- 
lusc the overflap is too tight. 

hsure and Reapproximation of 
Ivbscapuloris Muscle 

['After completion of the capsular repair antTobservation 
[of the safe zone, the Gelpi and pitchfork retractors are re- 
>ved and replaced by a Goelet retractor laterally and a 
[Jong Richardson rctnictor medially. Th e subscapularis is 
rea pproximated with several interrupted £0 ar> 
>je sutures CFiu. 7-44). /VI) retractors arc then re- 
rol after a thorough irrigation of the operative field. 



typically do not require suture reapproximation. The 
skin is closed in a subcuticular manner, sterile adhesive 
strips (SterkStrips) are applied, and then a sterile dress- 
ing is applied. 

The arm may then be placed in an adjustable orthotic 
device dial splints the arm in abduction and external ro- 
tation, but the arm is removed for postoperative range of 
motion and bathing. The purpose of the splint is to pre- 
vent contraction of the capsule and loss of range of mo- 
tion. In patients who have generalized ligament laxity, a 
shoulder abduction pillow at 45° is used because range 
of motion has been easy to gain. Patients with global mul- 
tidirectional instability and generalized soft-tissue laxity 
do not require an abduction splint because their tissues 
stretch easily and they are able to regain postoperative 
range of motion 

SURGICAL TREATMENT: ARTHROSCOPY 


con- 



deltoid and pectoralis muscles fall into place and 


The techniques for arthroscopic stabilization 
tinue to improve as does the success, provided that die 
patient population is carefully selected Many authors 
have recommended against the use of arthroscopic 
stabilization in the athlete involved in collision sports 
because of an increased recurrence rate. 2 '"- Most pub- 
lished reports concerning arthroscopic stabilization 
have recommended that the procedure not be per- 
formed in patients with capsular laxity in the absence of 
a Bankart lesion. The results to date for arthroscopic re- 
construction in the face of atraumatic instability have 
been poor, and arthroscopic reconstruction is not rec- 
ommended in the overhead athlete with atraumatic in- 
stability.-"**' 

Two recent arthroscopic surgical techniques* vv> have 
enjoyed an early success rate but lack long-term follow- 
up and have only been applied to a carefully selected pa- 
tient population with a clean Bankart lesion in die ab- 
sence of significant capsular laxity. The suture anchor 
technique v ' uses arthroscopically placed sutures to trans- 
fix a Bankart lesion and an arthroscopically placed Mitek 
bone anchor. Early results of this procedure in 20 pa- 
ticnts demonstrated no complications and no recur- 
rences of instability. The arthroscopic Bankart repair us- 
ing a cannulated absorbable fixation dcvice s> uses an ab- 
sorbable tack of polyglyconatc, which is absorbed over 6 
weeks. The overall recurrence rate of instability using 
his procedure in 26 patients has been 8%. Both of these 
procedures require postoperative immobilization for 3 
to 4 weeks. 

Unfortunately, the success rate of arthroscopic recon- 
struction to date has not matched the success rate for 
open procedures, especially in the athletic population. 
The duration of postoperative immobilization is greater 
in the arthroscopic technique than in the open tech- 
nique. Undoubte dly as arthroscopi c techniques continue 
to develop wit^Tmproved fixation^ in conjunction with 


Aug 03 06 02:51 p Valued Customer 


626 403-1784 


208 




P-9 


1 Ll«~ *J»±*^' 


Subscapular*'* 


Repaired 
capsule 



7 -j } 

'>': 


FIGURE 7-44 Closure Ol the SUbSCSpuUiriS. 


.iw role and indications for 
»-irlicr ranee of motion, the roie anu 
earner ran b wU| cootlnue to expand, 

arthroscopic stabilization * ui of 
Ubral lesions may certainly occur m me a 

obvious glenohumeral ^^-^LS^^ 
labrum may result from a supenorh /"^ d 
M a fall on the outstretched arm. Snyder »«^jS£ 
an injury involving the superior aspect ot the glenoia 
an mjur> in > * . d exten ding anteriorly 

Ubrum bftJ^^JSe labrum was noted to be 
(SLAP lesion). This .are i or tne ^ fof 

functionally important because u M-rv« a=. 
^ insertion oAhe long head of the biceps 
Lions are not common, but when present they nuj oc 
infused with anterior instability - *J^TS5 
i«;ni localise of the presence of pain associated w mi 
SSS SU. *nd\ue fact that often £, on* 
be diagnosed at the time of arthroscopy. The, tojwjj 
occur in conjunction with anterior instable and inter 

- ^ a I** lesion is usually anterior 
and\ne2 is often a'click" associated with range ot ^ 
•on U lesions are often seen in P*£^°£ 
hand athletes; internal impingement of the rotator coll 


against the superior rim in overhead activities appears* 
,^„_ ftn r-iusc of this condition. 
^ SUneTn has been divided into the following 
four rn^tv^ lesions involve fraying of the supenor 
:Lm"hh an intact peripheral labra. edge and bjc* 
f„ do n anchor, type 2 lesions invoke ^ - J 
i,K,,,m as well as detachment of the superior launnu 
25 bTccpsTcndon from the underlying glenoid, type , 
SJnSS^ie a bucket-hand., tear of Ac supenor 1 
S um with an intact peripheral attachment an bice* 
tendon anchor, and type 4 lesions involve a 
<S" tear of the superior labrum .hat extends into the b 
cep tendon and anchor/" The SLAP lesions invo.viag an 
Wccds tendon and labial attachment to the 
I - 3) may be treated w*-£ 
arthroscopic debridement of the torn labrum. When . fte 
bfeps 2n and labra. attachment to the glenoid^ 
Sdisrupicd (mKS 2 and 4). the J~-^^ 
is reattaching the biceps tendon and «^«^^ 
lhc superior glenoid surfcee. Hie open cchn « 
oaii- a type 2 or 4 SLAP lesion requires an osteotorm 
5" acromion and an approach in the interval between j 
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si U0!paijs*uO33J |EjqrjoirtscJi:»-> JOfJDjnB wdo uv JB3J 
paqci jou^dns c sn qDns'suois^i inDiuEqoauj joiuaiuicaii 
aqj puu juiof iiuoumqou^jd dqi jo uoi3i:np:A3 3ip en ^]oj 
lucuoduji or. p3Aj5|d «n!q XdoDSCuquv i.">A3[ OAnuadiuoo. 
j^ujjoj Jipqj oi ujnioi oi sjjods pcoip^AO UI p3AlQA 
-tn somiqjr p^A\u||n airq s»nbfuq.->^j ju.->:>aj put 1 Ajiiiq 

-U1SU1 Sui[IOJlUOD UI ^AUDDU.-) Xj^A SI UOl4DIUJSUOD3a [U3|S 

-jns .\J3*ilja$ qncqjiAA ^iqcnipaid s; ajunej ?»diici$ 
-uiiidjid pnbiun ut jdp.">xa 'Xdcj^qi ^aiihiUPSUOD pg 
<>qA\ siraiicd joj p^.\j^s^j si AjaSjns uirj^oid uotirjiih] 
-tqai p^Ajadns-fpM r q3]M sT.ii3oq pun sisouffcip 3jmn.i 
%>n uc no p^u.^ip^jd si lupiuarajx ju^s^jd sj uopnxnjqns 
j|n.->3o u^qA\ Aijnpads^ 'sisouifaip ^qj ujjguoD 01 .uts 
-saoau s.iuitj^ujos st uoijrr[UA» ^idoDsojq^jy v^ixiq Di&jj 
-oqind jo ainjuu puu uoian^jip aqj sr n^Ai sn ^juiqEisTij 
jo sisouSutp ^qj 8urqsi]qin<^> ui [cdiiijd si uoiictjiujcxo jd 
-iSAqd put: AJOisiq ^jcjio.^i: ue Suiuiuxcjo x^jdujo.") sno: 
-u^iucanoinsduD aqi uo spuadap -Uiuqcas s luiof aqj put 
'sjuiiuisuoo Xuoq jo -y\ot:\ .->q3 jo asnLoaq A 4 inqinsuf dijcuj 
-nrjau pun .">!Jt:iuiiuj3 oj n|quJOU|iiA si lutof J^pinoqs ^qi 


c oi ppxysuuii bjnins qjtAi uoficxy jo (jnuns) 
op uofirxy ^iqucposqEppjninuuro t qiiAA xajdiuoD iaqq 
puc uopu^a sd^^iq ^qj jo uouexijsurjj pun mu pioiojS 
jouadns au^ jo uopcDruoD^p qii aa p^iuaij ^q mo uoini 
aVIS paoEfdstp Piu. sijiqndir>scins puu snuanclf^idnsaip 


uoqDuu Auoq jjajj^ 


60Z 


JB^x JJTQ JQirio^ puc c iu3UJ3Suiduii 'Ajiiiqcisuj j^ppioqs Jou^auy 
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itwned m s^Duaj^jjia irairoSindun qifAA saiara ** (sir^i 
cc urip sssi) J^3unoA SupeaJi AnnjssaDDns jo Soipueis 
oppun ui lnjdpq SS3I o^AOJd snq ji '(psquDS^p M\™ 
-iSuo scm ji wo\\/a ui) uopr-indod ppio 3ip ui aMioaj 
-p inwq suit luauisSuidun jo Ajoaip s,J»M qSnoqirv 

wnbDKJ 'Suiuiuiims 'nrcpscq sn ipus spiiiaiidc pi»qj;>AO 
3Aiiin<bj ui pdaioaui KimpiAipui Suauic uoiuuiod A\Jt) 
4i3|UBd S| II *c£ J° 3312 3l U J^pun uopE|ndod aqj xsi inrd 
jDpinoqs jo sasnra uoujiuod isouj oqi Suoun; paiapis 


XjEujains 
loooaojd uado 
|OX>}Ojd Dido^ojqvv 
uoi)e)!]iqeqaj aApejadojsoj 
%GjdoiuiOi3P Djdo^soJLpe snijaA uado 
siinsaj pue anbiuv|:»3 ooissajduio^ap iPiuuojDcqns uado 

XdoDsoJipje jejUJQJoeqns 
uojssaxiujcoap leiuiooeqns 
$6u;pui) ^doDSOjqiJV 
uoispxD luaujefiij |eiujar>eoDejo3 
" Aujopasjnq |piuiooeqns 
sajnsaj pue sajnpa^ojd |CDi6jn$ 

luauqean |e?i6jns p3JJdjaj<j 

luaunes-U aAJiBiadouou jo si|n»y 
Xdejam |eDtsXqd jo uopejnQ 


-uod si pue ipal re subpcd JaSunaA ui punoj tosq seq 
ApuaDai (tuu luiqq jouadns l iou3jsod sip te lusuiaSuid 
-un iBjqBi-jjnD 3DigjnsJ3pun Aq pasno) suiojduiAs itoui 
-aSuiduii *j^ada^oh K*Ajin<p*!P Jspjnoqs DiuojqD jo :>sneo 
uoujujod isouj aq: si 3? upiqA\ un uopspidod Dp^jqiruou 
ApApcpJ 4 J3p|0 in: in pairan pur 'pauisrcp 'poquosap 
uaaq snq Hi^nuaSuidaji ipns AfrcuoiiipEiL japjnoqs 
jo suioiduiAs pire jeqav ponrcaj>:>ui 03 Soiproi •samjoaus 
anssp-yos pur Auoq Suipunoxms Aq jjno joamoj aqi 
jo luaunpcaKuia' oj sj^joi juznua8ut<Juii jvtmaauqns 

suoipajui piojais jo ajoy 
suoi^Ejaue oiupq^uj/AjiAiw/anbmqw} jo apy 
Suiipians/uououj p a6uej ;o uoi^jo^say 
uofieuiujeyuj 40 uopeuiuiiQ 
luauncaj] aAfiejadouou p sajdixiud 

auauqean |eo?6jnsuoN 

luauiaBpueiAj 

punoscj^jn pue 'Aqdej&ojqw 
isai uo.noafui ^uauid6uiduj| 
uogeuttuexd Diqdej6oipe^ 
uoiipuiujexa |esisA'i{ < j 

uoijen|PA» |e>iuio 
uoimjjissep 
luaiuaBuidui! 10 sauoaq) jaupo 
Aiodip )uaiiia6uiduji 

A6o|Oii3 


; 'ill 


^uaimpaJi pup 

^uaiussassv |b^!U!Q :iuauj96u!dui| |BjuiojDpqns 


2861 'Hc'QH) 

Itttof ouog f 'CsSuiponDOJCl) s^nui SunoX ui uoijcDO]!ap japjnovs 

f 661 '^M (Joquo tfxa 'saoipuu ainins 
Sursn jindau uuijiira Ojdo>soji|iiv OfpoouiipiH'WH W3 J1<H\ 9^ 

6»61 

^Ij:c <C<foosojti)J\' sm\i\rr. 9naoA ui uopirKijsip japinoMS Piaic 
jo luaLUicaii ^Aiuuxlouou snsu3A nidcosojqvrv v> Hf -^P^H/Xv 

€861 6^^c i»/V 

1661 H'dv 

doqjjo Q&U **Jo *.->»!A3p uoiirxy ofqi?qjosxn; l pwinuuK> 
c Sujsn jtixla> iinfurg oido^oJtpJV -oh u:ujr A 'df J^UJ^AV '££ 

'80ZI : Vt'9 Sjh$ jurofauoy f 'Wioi rtJ3umqoua|3 2141 jo uou 
-oo|sip jou^iui: t?uijuDAnjd stusiucujauj Suizniqins l» fS Z<> 

0661 

>iZ^ ^/ojsarf/wK^^prnoils aqj jo suoi5»| » ft J»P^»S 

>I6l*OST'-C01 

(loqvO K'O *Aqd«quo|nsdB.*> 3|drjs jo .-Hl.ti iiox nQ uspinoip 341 
jo uoiiKiopip J ou 3i uc iipwjnnaj ;o mauj^ScucK :«H P&*>Q 'at 2|^S OS 

suoaSJns A\oqi3 puc j^p|not|S ucauauiy tepptot/s oqt u> uotj 

-OW JOUDiS0(hoU9ftW Of StUtWISAi UOjrtStftr) IfT. 13 HA ZUCAM43S '6f» 


1861 '£98:Vft> W.tof wog f 'isp 
-inoip 3qi /o uopismtqns iU3isuui luaurrotf :g ^uuez 1£D aA&ou *8»' 

>86T '6U V99 SMS jutofauog f 'luaui 
-1C3J1 pin: 3JH|nv jo s3«nro juajuiidc urcdbi poidLim J3jjc J3pfnoqs 
jo uopoo|stp jo*j3jut m3Jjn^>>i :aT ojino'a suuk^ 4 >0 3aio* 1^ 

r?uog /"^unpaDOjd ur^ocQ aqx AW^V pAuiqinos 'a pJBd 'HO 3AVO H 9^ 

WtofBuog f top|not(s oqj jo suwimopip ui stsoaSaid moy $y 

uoDuiddn flf'««6l ^qdapcnild l 
pp'sajniscjj j3pfnoqs 3qi moqc suoncjoisip :z wo puoA^pan 

*906t *66! : SB j«0 Zia 
^onampojini^^ tofpniiqeq lap uou cm initio J3qf| :o $^qU3d "f^ 

Xqsow '0661 : sincn 

3S 'aitiTfpaiu sjjoctr u? fannajixa jotftfn 9cu :sioi»p»'03 ocuiqsj^H 

*8fr6l '6i:a0€ ^"S" tu/ofouon f 4 uowu3do ucid 
-ywn^ »qi uappoqs 3qj p uonioo|S?p {cruiq^H -H 33|«:i>puoaKO 'IP 

0661 7.0Z.:veL ^Jf Wof auog f 
sftuipuy 3Apii»do puc 'XqdiuSouos tui3Ui ^qdciSojquc 3aqdci3 
•ouioi p3ZU3indmo3 'SuiSciu; 33uruos3j DpsuScai jo uosutduiOD 
3,\ii>3d50Jd cuoprn oqs iryuicd 3qi jo uofiwipL\3 » VTC uosi>>] op 

0861 '^68^9 2"*$ W°f WW f 4 * lod 
-3J Ajruiunpjd c J3pjnoqs 3ip )0 pcuon33iipiiiniii pue 

jou3jui AjnunjOAW joj yiqs jrnKdo J0U3jii[ r*o wisoj * n S3 -^N *6t 


japfnoqs aqi 
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Ninth New Collegiate Dictionary, A Merriam-Webster 
Anchor: to become fixed. 

Attach: to bring (oneself) into an association; to assign temporarily; to make fast (as by 
tying). 

Fasten: implies an action such as tying. 

Fix usually implies a driving in, implanting, or embedding (located as a 
comparison under Fasten) 

Attach suggests a connecting or uniting by a bond, link or tie in order to keep things 
together. 

Suture: A stitch made with a suture. A strand or fiber to sew parts of the body. 
The act or process of sewing with sutures. A uniting of parts. To unite, close, or 
secure with sutures. 

Tie: a line, ribbon, or cord used for fastening, uniting, or drawing something closed, esp. 
shoelace. A method or style of tying or knotting. Something that is knotted or is to be 
knotted when worn (necktie). To fasten, attach, or closed by means of a tie\ to form a 
knot or bow in (your scarf) to make by tying consistent elements (tied a wreath). 
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n«w-^Ji^?&' S * e "# ao " X " CU fr. Gk XncAiro] : the father af Ac _ 
iSSiIJKSiL 11 " frorn thc burning aty of Troy 



. — - ■ an 

or a motor vehl- 



TBS l&f^tJ&J-£l 5 

Krve as an anchor lor (nod a large iwSvftrfwL'* 2 r 
«^-c^ior-Kgc \ ai>MD->nj\ n (1387) l a : a place where V sti4« 

551; C?" + ch*mn to make room. fr. cnon» place: akin loGk 

8 £ Chl i£?"? V"9**sra»Ji\ « 0911) 1 : one who is last- as 
member ofa teem who competes last <the ^onTrVhw !EJS f." i£f 

o^d™!i C r IOWeSt «^«Jic standing in hhVa2an?3L b 2°" 

S5& r " Pe °* te V***"* « pf ( 1 974) : ANoeoVrEKo^ 

SdEK ttBaf "Sgi- ^non^o^ancterwomon 
0 „ V.wOm-an\ a (1973) : a woman who anchors a broad- 

^nrcoaVt^o/An^ca^^ m ^sus) of ,fi 

an<bo»vy Varv.cho-ve. an-\ ». n/ .vies or -ry fSn aneAoMal ^ i ml - — - 
* SUSS fF^^r^ZSZl Si^,,^ 

' a common Mediterranean ftsb (Emrruuits enenrr^haluO .m*h ii« i-T 

uk en refine \a"s.ya«^t. 2 hemv n [F. ht. oJdlSmelf H94) l - it* 

i:^i y ii^ ormodcno 'anger prevailing 

S^^^an n f«^i i^'fciS * ME mien - fr MF. fr. 
rC 5 ■ i IT anrcc,TU * fr - L ante before — more at ante 1 {I4e> i 

nJSl? , ?«*: d .-2.* X, 2 e ^ ee 5 f ^ 2 : Srrt.5n?y a remote 

«T~??'L° or r e1a! . in 8 *° *e Wstorical period beghining^h 
artiest known civ.hat.ons and extending to the tajF of the wmil™ 
£man Empire,. , a* 476 J » :£«^j£q«dita of cYlonTeS 

^f*? " ( 13 °2> 1 : an aged Irving being <a penniless ~> 2 • one 

ancient history n < 1595) I : th c history of ancient times 2 • know) 
^ f l5 9?Ll J° ancient times long ago 


~T^\: ,7LlJ? ,mt,n " : long ago 
an^l4a \ an -'s.l-a\ n. pi . lac \<)6\ [U female servant] (Ig7I) : 


AfO. 


SUBORDI- 
AUXILIARV. 


an-ciHary Van(l)-S3- Jer-«. rsp Brit aa.'sit.a^rcV adi ( \ 667) l 


«wna moutiv — more al akcle. stomach] 6s«7) : infttutio. 

by hookworms; em : a lethargic anemic *S 
due to blood losa through the leedTrtg of hoofcaW»Tthe» 

end VsnidX rhn(dX ion 'o(d) after I, d, s or z, o/lrn J ro aAr 
fS e< /J? ? °^ C ^ ^ S\ cpc> (ME. fr. OE akii to OH?? , 
^oet. izcj I — used ot a function word to indicate connect un 
t.on esp. of item, within the same class or ty^ised S>^S. 
demenu of the same grammatical rank Or W^orT 2— u 

lO^Tl—**. 10 "P"** <?*»caJ modificaUon. consequence, ai 
or supplementary explanation 3 ote : if 4 - , 
conmaction - andj&m \'and-W - used io emphSdaf fht 
***** - «d so tortk xw-^ferth, ..fon h\ I : andoThers 
3 - «?S ^' m l lar W 2 d i : ^ rtber io lhi »meo7sirni^ 

^0>^Vind\ « (1949) : a logical operator equivalent to the se 
«mncctjvc and C~ sate in a compo ler) • 

region in Spam] (ca. 1 828) .- a mineral Al^iO. consistingof 
ajjmmum too. .n thick nearly square onbornombic ^nWof 

WaxUe \aa.Vfan-Qti. -'dant^; an-'dant-eV ad» or adi fit. lit 
P^ofanoofetogol(l724): moderately sliiw _ usedm J »dire 

2 tcmS B " (l784> : 3 mu ^ c *» composition or movement in i 

'^xSSf&^tll?:'^*^ ° dV ° r "V l U ' dim 01 ^danu\ 
i ,han ^:, tc — usod as a direction .o musx 

a^^not^nV 05 ' ° ° r ^ 

*J^?2lf ^i^™^ 1 ^ a lC ? fl,,rf « ir ' 'r. (1850) : an cxtrttsi 

d^t^^ST-d/ 08 mefl,ial,y ^ ot80cl ^ OT 

•ff^fp" \\n-,di(-a)ro\ n (ME oundwn. modi/, of MF endier 

! E^i.rf^ 1 su PP° r «f or firewood used on a hear 
Sfj^.Pli fiornontai bar mounted on short leg* with uso. a v 
shaft surmounting thc front end 

^TJ^fj?'^ con/ (183 3) — used as a function word 10 i, 

cW^hT°k? °; " p ^ ,ore are l ? b ' »»kcn together or indiv^ 
<pun>shablc by a line ono*/or a term in jail) 

^/^IMF. fr. L, fr. Gk. fr. andr-. ancr man ( 

A^n^^ Tff ycUowand g green io brow^ anJolac. 
eftr^STehor^^^ 1 ,,0a ff ° m Who$C fo01 te ted ^ ' 

on o/Jc/w dim. of mfco* house — more at vtciNirv] (ca 1839) 
a »5KS!! ^ ^rosporoDhvlls in thc flower of a s«d plinT 

terpnc^ — aadrogen<ie Vto-dra-'jen-ikv aJj 

^'2nS^ S ^?;f^ ,v * a : 5MN . rt ^ : development in i 
ttoe embryo contains .only paternal chromosomes due to failure c 
cgJltc^rtiopate in fertiliration - aiMlro^e.Ret.ic \&VeMk\* 

^f^^™^'^^ 35 ^ ^ tL airdmgy^M hcrmaphrodit 

HiTaiT 5 «ar»«eTOtacs or nature of both male and female 
: S!ff?3 *PcaCcally feminine or masculine One ~ pronoun tht» 

an^fe^^«^ lha 'i CX< ~ do4hio C> 3: ^vin^trodiuonll 
W6\n obscured or rcve/aed Can — marriagS — arwlroj 

^^JSuAii^ n (LGk anrf ^« """Kite. fr. Gk ona> 
A ^;"-°J d liV 27 >! "» aoiomaron with a human form 
Hecto?" \«»-dram.a-< i )kc\ n (L. fr. Gk XnrfromccfiJl : ihew 

^^Tirff >«> J <lran>ad.s\ n (L. fr. Gk *«dmm*rfc] 1 : a mj 
logical _Er.hjop.ati pnnccss rescued from a monster by her ruiere 

d?r«tiv^ 0 r^ (KC ^^ : a ««a 

erectly south of Cassiopeia between Pegasus and Perseus 
^'^'^"^f^lie ^anVdriis*ta* a ron\ t flSV^ondr- + «™?L ^ e U V 

"ffui^fr ^ n ^ ms ) at *J «""*>/<>'"' [NL -andrus. fr. Gk Wros ba* 

^m^n?on?nte ^ fl ^ J ; havi " B (sttch ° r " - 
aneVto\ adjor n ° r r t?^ fl ' Scot (bcf. 12c) : one 

S^^dro^b^)^.™ -3rdrogenated carbj comp. 

^I^Ili^^'^^f^PW »: relating to. charactertstic 



"?TV-. on f wh <> wont skiUed in telling anecdotes 

^^TnY^^r^ n T;- t G , k «wWom unpublished items, 
.A-2 1 4Wl . < * rfp f 0!r unpublished, fr. o- + ekdidohai to publish, fx. 

put + didofim to give — more at EX-.OATt] (1 721) : a usu. short roi 
JSSS^T^&^I"* ° r bi o*«P»«l incideol 
^SSSS V ,, « k - dal *« k \ *■ ao.<CHltit4<«I V'dat.i-kal\ od> (1786) 

e^ra«V^Oi° " 5 " td,ing 0ni,CdOtC5 - 
"(an C ^a^> k ^ ikV °^ <l946> ; ff « from echoes and reverberatio 


g d 
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atmosphered • 


113 


**U of presort equal 101)5 prtssorc of ihe air <u s» to** 

a^oTer^M I »;oforrda.mg 

H2^m«p5ie b : resembling the ai mo sphere : aj ry c : occur- 
£J * *r actuated by the aim«phc« 2 -.tovrnj. m^cdby.< jrcon- 
trXuW aesthetic or eiootionil atmosphere — ■Uno^pheM-cal-ly 

JtWwSn-Ss^ -ilcsN it pi (1915) I : audible curturbance* produced in 
radio receiving' apparatus by atmospheric dectnea) pncnOTcna (las 
lithtwnfi): also : the dectrieal phenomena causing these disturbances 
2: actions (as official statements) mtended to create or suggest a par- 
ticular atmosphere Of mood in international relations; also : the mood 
so created or suggested 

rtfttosphcric tide 9 (ca. 1 864) ; HOE 2a(5) . . 

a-raSe^rwio Ul-m>'sfir-e-am\ n [atmosphere + -ium (as in plane- 
tamnSl (1967) : an optical device for projecting images of metcoro- 
lopcal phenomena (as clouds) on the inside of a dome: also : a room 
housing this device w ... . . , 1 

stall \'a- lol ..til. -,IB1. n [otoiu. native name tn the Maldive islands] 
(1625): a coral island consisting of a reef surrounding a lagoon 
itom Vat-amA n [ME, fr. Latomus, fr. Gko lornos. fr. atomas tnd.vtsibie. 
h * + lemnem locot — more at TOME] (1 5c) 1 : one of the minute 
indivisible particles of which according to ancient materialism irseuni- 
.ersc is composed 2 : a liny particle : BIT 3 : the smallest particle of 
t» ebnem* aKv ***** ^br^-alsmr^.' -ir jmntotuttuw »hr Atntn 
considered as a source of vast potential energy . , 

tlOffl bomb rt (1944) 1 : a bomb whose vwtcni e«los.ve power ;s due 
to the sudden release of atomic energy res idling from ihe splitting or 
ouctri of a heavy chemical dement (as pluionium or uranium) by neu- 
trons in a very rapid chain reaction — called also atom* bomb, jisston 
bomb 2 : a bomb whose explosive power is due to the release or 
uomic encray — atom— bomb »t 

Horhc \3-'tanvik\ odj (167S) I : of . relating to. or concerned with 
Horns, atomic energy, or atom bombs 2 : minute 2 of ?J>"™*<[< 
t\vn*nt : enisling in the stale of separate atoms — attmw<a>iy 

Koo^^ock ft (1 958) : a precision clock that depends for its opcralion 
on an electrical oscillator regulated by the natural vibration frequencies 
dan atomic system (as a beam of cesium atoms) 

atomic energy n (1906) : energy that can be liberated by changes n the 
nucleus of an atom (as by fission of a heavy nucleus or fusion of light 
noctei into heavier ones with accompanying loss of mass) 

*SSc?ty Va\-a-Wat-e\ n (1865) I : valence 1 2 : the state of 
" consisting of atoms , — .„ji- 

itctnic mass n ( I B98) : the mass of any species of atom usu. expressed ta 

atomic mass units # 
stearic mass unit n (ca. 1942) : a unit of mass for expressing masses oJ 
atoms, molecules, or nuclear particles equal to V,, of the atomic mass of 

ihe most abundant carbon isotope 6 C 11 ,u»-.«. 

tformc number n ( 1821) ; an experimentally ^tcrmioedju^nbc^ charac- 
teristic of a chemical element that represents I he nu ™^ F^™**" 
the nucleus which in a neutral atom equals the number of electrons 
ootpde the nucleus and that determines the place of the clement m the 
periodic Loblc — see ELEMENT table 

iteeucoile or atomic reactor n( 1945): 3b . , . . 

ittSJciV^'Ulm-iksN n pi but sing In cxmstr (1920) : the science of atoms 
cip. when involving atomic energy . . , 

■tatc theory n (ca. 1847) 1 : a theory of the nature of matter: all 
TMtcneT^anccs are composed oT rrurmte P*"^*"'*™*** 
comparauvely small number of kinds and all the atoms ol the same 
kind Tare uniform in site, weight, and other properties — » ^ 

£omk hypothesis 2 : any of several tbeones «**J*™^ 
Dam; espTine based on experimentation and tbeorelicjlrons^er- 
uion holding that the atom is composed essenl.allv ol a small pos j- 
Kdv ch^ecf comparatively heavy nucleus surrounded by a compara- 

^SL^Tfl^ atomic mass of an element com- 

aared to V., the mass of carbon 12 — see element table 
JStoVa i3uWm\o (1678). 1 : a doctrine that the r « 
^ompmed I of simple indivisible minute parttdes 2 : iNDfVirjtMLiSM I 

^S^vT^WtikN adj (180?) 1 : of or relating «> atoms or 
™£5nT 2 : composed ol many simple > dement * alto : dmded wio 
Steeled or antagonistic fragments Can - society) — at-om-cs-ti- 

.£2k^$K& bui sing in constr (1928) : a scknee dealing with 

» « S reduce to mmuje 

teor'^frme spray ^Vi^m^ 
until 3: to subject to atom bombing 4; dtvide. fragment awom 

SSSSX&ZSE* : an for alonmins «su. a 

perfume, disinfoctanl. or medicament 

t^^^^N - ^ 0922) : marked by avokl- 
^o^^l rm^l^nality; csp ^^th^nS&lmpa? 
to key or tonal center and using the tones of tire chrnamntic ^iteimpar 

^:^1o\£& -t^M^^H r^^^^ 1 ?: o 

at on io harmony, fr. of + on one] *t (I59» 1 obs -I «fO NaLE * 
ntwlv satisfaction for : expiate ~w: to make amends 
SeT?' an^actX * (1513) 1 ons : "COMqUATTON 2 : the 
rS^uonol God and man through the ^^i^ h X£^ 
SSj Reparation foe an olfense oi injury : SATtsfAOTC^<r^e - 
Sk$ crudiy) 4 Christian Science : the exemplifyinf of man s one- 

Selp^an-ik. Oa-\ «-j (H92) 1 : characterited by atony 2 
•i-avasto without accent or stress 


at-o-ny Vat-"to-e\ « (LL omnia r r. Gk. fr. orcwias withous *«°*-J'.'°- + 

inW tone] (1693) i : lacV of phystolflgical ine «p. ol a contrnailc 

ergon 

'atop Va-'tUpN prep (1655) : on lop of 

>atop od» or oJ> ( 1658) : on. to. or at the i op ,«i,k<.m»*v 

at-o-ny Vat-a-c4\ n (Gk o/opio uncooimormess. fr, mopor ool of the way. 
in^crmmon^ + topo7 place - more at TOPtcl (TW3) = RJ»5«J 
hereditary allergy characterized by symptoms (xi asthma ha> e^cr. or 
hives) produced upon exposure to the exoting antigen without inocula- 
tion — atop-ic yCft-'tap-tk, -*t5-pik\ odj 

-aiiV n suffix [ME ^foVr. fr. Or & L; OF, fr. L -omr. fr. -otiu -ate + 
^rl: one that does Ootalixotor) . ^ i / 1C uaI - « »k m 

ATT N.a-.te-'pc. 3-'te-.pe\ « ledenosmc trvhosphate] ( 1 944) . a phos- 
phor yU tod Sudeosidic |? H t .N 3 O n P, of adenine that supphes e»» 
for many biochemical cellular processes by under going enzymatic hy- 
drolysis csp. to ADP — called also adenosine inphoxphote 

ATPase ^te-'pe-.as. -M\ n (1946) : an enzyme that bydrolyzes ATP. 
esp: one thai hydrolyzes ATP to ADP and worgaiuc phosphnlc 

atSi KLioas \Ara-«wl«y*\ adj (L aire WKi black b.le) (1651) 1. 
given Tor naarked by melancholy : gloomy 2 : tU.-MA™Eix fee- 

at*a,*ioe \«a-tr>.^cn\ n fISV air- (prob frU/r-. oXrr blaek.^jrU + 
triazinel (1962) : a pbotosynthesis-inhibitiog persistent herbicide 
CHuONt used csp. to kill annual weeds and quack grass 

atlem^ole\Urerrv6al\ody(l862): shaking involununly : trEMBUNG 
<he was white as death and all — — Robert C cover) 

^ncla — mora at throw] (ca. 180?) I : absence or closure of a 
natural passage of the body 2 : absence or disappearance of an ana- 
tomical part (as an ovarian follicle) by dcwencralion 

Alrens Vavriis, -trc-as\ t (GkJ : a king of Mycenae and father ol Aga- 
memnon and Men daus v*%ii m . c 

atrio>vcn4rtc>o4ar Va-trf-e-ven-'tnk-ya-lar. -van-\ oo*j fNL oinum -4- E 
wc/i/rtf uiar] (ca. 1 860) : of. relating to. or located between an ainom 
and vcniricteof the hearl v . 

atrioveatrrcolar node n (ca. 1934) : a small mass ol tissue in the nght 
atrioventricular region of higher vertebrates throu S h which impulses 
from the sinoatrial node arc passed to the vcnincles 

atrtp\^trip\od>o/onarwhor(|796) : ^'^IL-.- f| 1 IWSTI I * the 

Atri-om V3-tre-am\ n. pi atria Vtre>a\ also atri-ums [L.J *'55*/ lij"! 
central hall ofaRomTn house 2 [NL.fr ;L]: aB "»»H?h2rt ?hS 
oassage; esp : Ihe chamber or either of the chambers ol the heart that 
rcedves blood from the veins and forces it into the vent ride or venln. 
cIcV— see HEART illustration 3 pi trw atriums : a rectangularly shaped 
open patio around which a house is buill; also : a many-storted I court in 
a Wlding (as a hold) usu. with a skylight - atrial \-tre.al\ odi 

atrocious \>-'tr6-shas\ odj [L ciroc-. atrox rfooiny. * t ^& t %J' r \ 
attr black -oc-. -ox (ak n to Gk dps eye) — more at eye] (16W I 
^xtre^ely wicked Tbrutal, or crud f aARtURtc 2: apj^alunc. hcilri. 
mwc^hc - w«pons or modern war> 3 a : utterly rayollmg 

• abominable (— working coodi lions) b : of very poor quality <~ 
handwritinR> — atro-cious«ly ad* — alro*cioas-ness n 

atrocious 2 : an atrocious act. object, or s.iuaiion <rhc . sufferings 
and oi/ori/ier of trench warfare — Aldous Husiey> 

al^hy\'a-tr>fe\ n, pi ^ibies [LL atrophia. fr^Gk. fr. «ttaadk« 01 bd. 
fr ^ i jaMutin .u^^numh unluii jco Gk rhromhas clot. .curoll .(16011 I 
: decrease^oTize or wasting away of a body part tissue; aim ^ar- 
rested development or loss of a pan or organ incidental to the nonnal 
develownent or life ol an animator plant 2 : a wasting away or pro- 
gr^ivrdSi£ : DEOBHERATtON <the T of freedom) <w« not a soh- 
fudeol of negation, but of perpetual nowering — Wdla Catber> — 
atro-omc vOa-nrcVHk \adi — atrophy Va-tra-fe. -,ft\ vo 
at^ne vt-tro-.pefl\ n [G atfopiii. fr. NL Atmpo. gcrtvo name o bdla- 
domS? fr ; tt^SSri one ofX three Fates < 18* : a n^.c««. 
?uTof hyesey amine from belladonna and related plants used esp. in 
tefom ^fiUsulfate to inhibit the actions of a^y^olmem 
Sympathetic nervous system (as by rehevmg spasms of smooth muscle 

«tod« stake, of Gmc origin; akin to OE snea stake] vi (14c) 1 . to 
take by legal auibority esp. under a writ <thc court s 
«r^rJrtv^2 a * to brinT (onesdO mo an assoaation b : to assign 
^do^Iy 3 * to buTd b^ pcrsoni ties (as of aneciion or sympathy) 
(wTs^gly ^edtoW, SoSy> 4 : to make fast (as ^J8«^ 
ing)<- a itbd to a package) S : to as^raier^ as a property ^ ^ 

SitrrE C^greatl ^^^^ ^aWaVCSK N Hach-^boK 
come attached : Atwtae sjm see fastek > 

.f^i^** v ^VhlL TJ .. la- ■» ta-\ » IF. PP- o' ouacAcr] (1*19) 1 : a 

^^^C^J-^"^ C ^^0^\ n : a srr M thio 

^S^.SE^'eCT"?^». rf -hen ado.. <~ b«- 

a^S-ment \a-tad.mao.\ - (1 5e) 1 :a »»re b, legal P£~^J 

• the writ or precept commanding such scimre * a . uie j«»c ™ 

^^^SafJerT 1 : atScteo «S S 

SS£&*?! »^o^c^rwh^. one thing - ...ached 

X" ^ Sl^il with urd°endly « hitter words * : to begn .o rf - 

V.\.bu> \Mcittea. F table \ar\ farther \»yash ^««. 
Svo* \cb\«hn. Nevbet \e\«, \g\go V\bL STx- 

WVret \ah\ vWon \i. !i. 5. * S. Ga.de to Pronuocobon 
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'fasb-too-ablc \'fash-(a-)n3-balS adj (1606) 1 : conforming to the cus- 
tom, fashion, or established mode 2 : ol or relating io the world of 
faction — fa*h-ior>abtW>ty \/ash-(>>na-'bilot-c\ n — fosh-tonoble- 
ocss \'fasli-(>)a>t»|.rw$\ a — fufrioo-abJy yblc\ adv 

fashionable u ( 1 800) : a fashionable person 

fasViotvmon-gcr Vfash-an-^no^-gar. -,nwr)-\ n (1599) : one I hat studies, 
imitates, or sets the fashion 

fashion plale u (1 85!) 1 : an illustration of a clothing style 2 : a per- 
son who dresses in the newest fashion 

Uast Vfast\ adj [ME. Ir. OE fofsr akin to OHG/esti firm. ON four. Arm 
Itasi] <bcf. 12c) I a : firmly fixed < roots (hat arc ~~ in the ground) b 
: tightly shut <all the dranxrs were ~> c : adhering firmly (ihe glued 
sheets became ~> d : not easily freed : sitCK. <a shell — in the cham- 
ber of a ruo) e : st Aft u: (movable items were made — ro the deck/ 2 
: firmly loyal (became friends over the years) 3 a: characterized 
by quick motion, operation, or cfTcci: (I) : moving or able io move 
rapidly : swift {2) : caking a comparatively short tunc O) : impart- 
ins quickness of motion <a — bonier) (e) : accomplished cuickty (5) 
: agile of mind; np : quick to learn (a special class for students) b 
: conducive ro rapidity of play or action <n — track) e (I) of a lime- 
piecr or Kvigrifng device : indicating in advance of what is correct (2) 
: according to daylight saving time d : contributing io u shortening 
of exposure time 0— film) e : acquired wiih unusually little effort and 
often by shady or dishonest methods (made some money on the 
tiurnbcn) 4 a : securely attached <a rope — io the wharf) b ; TliNA- 
ctovs (kept a — hold on her purse) 5 o archaic : sound asleep b of 
sleep : not easily disturbed 6 : permanently dyed 7 a : wild (runs 
around with a pretty — hooch) b : sexually promiscuous 8 : resis- 
tant to change (as from destructive action or fading) — often used in 
combination (sun/usr) (jcid-/an bacteria) 

Sytl I- A ST. RAPID. SWIFT. FLEET. QUICK. SPKEDV. HASTY. EXPEDITIOUS mean 

moving, proceeding, of acting with oelerily. Fast and rapid arc very 
close in meaning bul past applies particularly to the Ihina that moves 
(fast hcrse) rapid io the movement ilsdf (.rapid current) swift sug- 
gests greai rapidity coupled wiih ease of movemem (returned Ihe ball 
with one xwifi stroke) FLEET adds I lie implication of lightness and 
nimblcncss (flea runners) QUICK suggests prompincss anc the talcing 
of little time (a quick wit) speedv implies quickness of successful ac- 
complishment (speedy delivery of the mail) and may also suggest un- 
usual velocity; hasty suggests hurry and rjrcctpilousncss ;ind often 
connotes carelessness; EX 'ton iocs suggests efficiency together with 
rapidity of accomplishment. 
i fast adv (bef. 1 2c) 1 : in a firm or fixed mutmCT 2 : in n sound man- 
ner : deeply (fdl ~- asleep) 3 a : in a rapid manner : quickly b 
: in quick succession (kaleidoscopic impression:, that come so thick 
and <— ■ — M. T5. Tucker) 4 : in a reckless manner : otSSiVATt-nLY 5 
: ahead ol a correct time or posted schedule 6 urciiak : CLOSE-NEAR 
Yast ri [MZfasttn. It. OE fauiasi; akin to OHO fasten to fasti (bef. 12c) 
1 : to abstain from food 2 : to eat sparingly or abstain from some 
foods 

*fssi /j (bef. 12c) I: i he practice at fasting 2: a time of fasting 
3 fast n (alter, of ME Jcsf. Ir. ON /erfr rope, mooring cable, fr. foxtw firm] 
( i 5c) : something i hat fastens or holds a fastening 

last and loose nri» (1557) 1 : in a craftily deceitful way (manipulated 
evidence . . . and played faa end foot? with the truth — C. V. Wood- 
ward) 2: in a reckless or irresponsible manner (playing fas land foose 
with his wife*s money) 

fast-back \'fas<t)-,bak\ n (1954) : an automobile roof with a long curv- 
ing downward slope to the rear; also : an automobile with such a roof 

fast-bait VTas(tKboI\ " (1912) : a baseball pilch thrown at full speed 
and often rising slightly as it ncars ihe plate 

fast break n 0943) : a quick offensive drive toward a goal (as in basket- 
ball) in an al tempi to score before the opponent's defense is set tip — 
fas I -break ri 

fa».ten \'fas-'n\ rh fas- ten ed; faa-terWng YTas-nirj. -'n-irj\ [ME festntn, 
fr. OEfttstnian to make fast: akin to OHC fcuinort to make fast, OE 
/<r*f 'fast] vr (bef. 1 2c) 1 a : to attach esp. by pinning, tying, or nail- 
ing b: to make fasl wtnd secure c: to fin firmly or sect: rely 4 : to 
secure against opening 2 : 10 fin or set steadily ( — cd his attention on 
ihe main problem) 3 : to take a firm grip with <t he dog — ed his leeih 
in the old shoe) 4 m : to attach (oneself) persistently and usu. objec- 
tionably b : IMPOSE ( — *d the blame on the wrong man) vi I : to 
become fast or fixed 2 a : to lake a firm grip or hold b : to focus 
attention — fas-tcn-er \7as-nar, -*i»-ar\ n 

syn fasten. Fix. attach. affix mean to make something stay firmly in 
place, fastun implies an action such as tying, buttoning* nailing, lock* 
mg, or otherwise securing: Fix usu. implies a driving in. implant inc. or 
embedding: attack suggests a connecting or uniting by u bond. fink, 
or tic »n order io keen things together: appi.x implies an imposing of 
one ib:ng on another by gluing, impressing, or nailing, 
fas-teo-tog n (bef. 12c) : something that fastens : FASTENER 
fast-food \.fas(lK(ttd\ adj K 1969) : specializing io the rapid preparation 
and service of food (as hamburgers or fried chicken) ya ~ restaurant 
chain) 

fas4id*i-oos \fa-*tid-e-as. fo-\ od; [ME. fr. L Josiidhxin Tr. Jasiidium 
disgust, prob. fr. fastuA arrogance (akin to L Jaiiigium top) — taedium 
irkiomcness — more at tedo/m] ( 15c) I arcfiatc : sco*nf\a 2 a 
: having high and often capricious standards & difficult lo satisfy or 
please (must surely give pleasure lo Ihe most *- reader, for her art is 
scrupulous — Richard Church) b : showing or demanding excessive 
delicacy or care (highbrow critics ... so that they can talk only to a 
small circle of initiates — Granville Hicks) c : reflecting a meticulous, 
sensitive, or demanding altitude ( — workmanship) 3 : having com- 
plex nutritional requirements (— microorganisms) — fa5»tioVoas4y 
adV— fas4id>M>us-aeS3 n 

f*S>ti>gi>ate \la-'stij-eot\ adj [prob. fr. (assumed) NL fpstigiuius. fr. L 
ftrui&iutn] (1622) : narrowing toward the ton; csp : hao'ng upright usu. 
dustcrcd branches 

fasl-ness Vfas<t)-nas\ n (bef. 12c) 1 : the qualiiy or state of being rasi: 
as a : the quality or state of being fixed h : the quality or 'Ltale of 
being swift c : colarfast quality d: resistance (as of an organism) to 
the action of a usu. toxic substance 2 ■ : a fortified or secure place 
b : a remote and sccJudcd place (spent the weekend in his mountain 


Fast of Esther (ca* 1901) : a Jewish fast day observed the day before 
Purim in commemoration of a fasl proclaimed by Queen Esther 

fast-talk V r as't)-'tdk\ w 0946) : to influence or persuade by fluent, 
facile And usu. deceptive or trick v laik \~~ cd tribal chtdiain* . . . oui of 
a pared of rain-drenched* tropical real estate — News week) 

fas*ta*ous Ylas-cha-was\ adj {L jauuarus. fr. fast us arrogance) (1638) I 
: Haughty, arrogant (a — air of finality —Carl Van Vcchicn) 2 
: OTTENTatious. $H0*Y <a period when — living was very much the 
order of I he day — Times Lii. Sapp.) 

'lal \'fat\ adi fat-ten faMcst [ivfE, fr. OE/a7ir. pp. of /a?lon to cram: 
akin to OHC /ctor fat. L opimus fat. copious] (bef. 12c) 1 : notable 
for having an unusual amount of fat: a : ituMP b : ooese co/o meor 
animal : fattened for market d of food : oily, greasy 3 a : well 
filled out : thick., big (a -~ volume of verse) b : full, rich <a gor- 
geous — bass voice — Irish Odresr) e : well stocked <u ~- refrigerator) 
d : I'ROSriROUs. wealthy (grew <— on the war — 7«me) e : being sub- 
stantial and impressive (a — ' bank account) 3 a: richly rewarding or 
profitable <a ~~ part in a new play) (accepted a *-~ contract) b : prac- 
tically i nmcxisient <a — chance) 4- : pkoouctive. fertile (a — year 
for crops) S a of sod : containing minerals thai cause a greasy feel b 
of wood : having a high resin content 6 : stupid, fooush 7 : being 
swollen (go: a ~- lip from the fight) — fat -o ess n 

; fot n (bef. 12c) 1 : animal tissue consisting chiefly of cells distended 
with greasy or oily matter 2 a : oily or greasy matter making up the 
bulk of adipose tissue and often abundant in seeds b : any of numer- 
ous compounds of carbon, hydrogen, and oxygen that are glycerides of 
fatty acids, the chief constituents of plant and animal fat. and a major 
class of energy-rich food, that are soluble in organic solvents fas ether) 
bul not in water, and thai arc widely used industrially c : a solid or 
semisolid fat as distinguished from an oil 3 : the best or richest part 
4- : the condition of fatness ; obesity S : something in excess : su- 
PERrtUlTV 

'fat wt fat-ted; fat-ting < 13c) : to make fat : fatten 

facial Vfat-T\ adj [ME. fr. MF & L: MF. fr. L fatalis, fr. fatum] (}4c) 1 
ofcs ; fated 2 : fateful (a ~- hour) 3 a : of or relating io fate b 
: resembling lute in proceeding according lo a fixed sequence c : de- 
termining one's (ale 4 a : causing death b : bringing ruin syn see 

DEADLY 

fa-taMsm \- ( ia-am\ n (16*38) : a doctrine that events arc Used in advance 
for afl time in such a manner ;hat human t beings are powerless to 
change them; alio : a belief in or attitude determined bv this doctrine 
— t a-taList \-Mt\ n — fa-tal-is-tic Vjat-l-'is-tikS adj — f *~tal*is*ti-<a}<ry 
Vti-k(a-)!c\ ad r 

fu*taU>ry Va-'talat-e- fa-\ n. pt -ties (ME. fr. MF fatal tic. fr. IX fata U. 
tot-, faiatitos. fr. L fatalis) (l 5c) 1 a : the quality or state of causing 
death or destruction : deadlines* b : the quality or condition of be- 
ing destined for disaster 2 ; something established by tale 3 • 
: fate I b : FaTausm 4 : the agent or agency of fate S a : death 
resulting from a disaster b : one that experiences or is subject to a 
fatal outcome (one of rhc fatalities was a small child) 
fataUy X'fat-'VeA adv <l5c) I : in a way determined by fate 2 : in a 
manner suggesting (ate or an act of fate: as a : in a manner resulting 
in death : mortally <•>- wounded) b : beyond repair : irrevocably 
c : in a manner resulting in ruin or evil (it is ~ easy to pass off our 
prejudices as our opinions — W. F. Hambly ) d : in a manner that 
cannot be easily resisted (thinks she is — attractive — J. W. Krutch) 
fa-ta mor.ga-na V/ai-o-mor-'gan-a, -'gan-\ n [It, fit.. Morgan the fav) 
(1818): MIRAGE 

fot-back Vrat-,bak\ » (1903) : the strip of fat from the back of a hog 
carcass usu. cured by drying and salting — see pork tl lustration 

fat body ti (1869) : an insect fatly tissue esp. of nearly mature larvae 
thai serves as a food reserve 

fat eat n (1928) 1 a : a wealthy contributor to a political campaign 
fund b: 3 wealthy and privileged person c: dig SHOT 2: a lethargic 
complacent person 

fat cell n (ca. 1911): one of the faJ-ladcn cells milking up adipose tmue 
fat depot it (1946) : a ntPOSE Tissue 

'fate \fit\ n [ME. fr. MF or U MF, fr. L fatunu lit- whai has been 
spoken, fr. neut. of fa i us, pp. of fori to speak — more a! banJ (14c) I 
: the principle or determining cause or will by which things in general 
are believed to come lo be as they are or events to happen as they do 
: DtsTiNY 2 a : an inevitable and often adverse outcome, condition, 
or end b : disaster.- esp : oeath 3 a : final outcome b : the ex- 
pected result of normal development (prospective *-» of embryonic 
cells) 4 pt cap : the three goddesses who determine the course of 
human life in classical mythology 

syn fate, destiny, lot. portion, doom mean a predetermined state or 
end. fate implies an inevitable and usu. an adverse outcome; destiny 
implies something foreordained and often suggests a great or noble 
course or end; lot and portwn imply a distribution by late or destiny. 
lot suggesting blind chance, portion implying the apportioning of 
good and evil: doom distinctly implies a grim or calamitous fate. 
*fate vt fat-ed; fatortg (1601) : DESTINE; also : doom (the deep antipa- 
. thy . . . seeming to — • ibcm to antagonism — Les. Savage) 
fat-ed adj{ 17 15): decreed, controlled, or marked by fate 
fatc-ful vfal-fal\ adj (171 5) 1 : having a quality ol ominous prophecy 
(a — remark) 1 a : involving momentous consequences : DECiavE 
(made his *** decision to declare war — W. L_ Shirer) b : deadly, 
catastrophic 3 : controlled by fate : foreordained syn see out. 
nous — fatcfuMy V-fa-JeA adv — fatc^fui-ness n 
fat-head NYar-.bedV n (1842) : a slow-witted or stupid person : pool — 
fat-oead-ed \-*hed-ad\ adj — Jit-bcad-ed-ly ad* — fat-he ad-ed-n ess n 
•father \TatJhor. 'fa it [ME fader, fr. OE /order: akin to OHG fatcr 
father. L pater. Gk pater] (bef. 12c) 1 a : a man who has begotten a 
child: also : sire 3 b cop ( 1 ) : coo I (2) : the first person of the Trin- 
ity 2: forefather 3 a: one related to another in a way suggesting 

\a\abut \"\ kitten. F table Var\ further \a\esb \a\ace Va\cot. cart 
\ou\out \ch\chin \e\ bet \e\easy \g\co \i\ hit NJVice \j\iob 
\rj\sing \6\go \6\law \6i\boy \th\thin Mb\the \u> loot \u\ loot 
\y\ yet \ah\ vision \?. k» ae. «. uc. iE. >\ see Guide to Pronunciation 


1190 sustentation • swanned 


such pairs as £ retain 


lS!^!2L55:l5? r,oK - cd l or « cell of the olfactory epithelium) that 
JSL J l 5 culllI 5 d fu3JCI,OT (as nerve^mpulsecondticUOT) 
sw4™j^oii v^tenV « [ME, fr. MI? hTl! rusrennS& % suuentatio 

aci of boJdjog up. fr. suszenratux pp. of ituirAtm to hold uk. hTT^^lZ 

•SSS 23 ^ Trssr as?. 

wtorMOBfil) : sustentation 

^^^i° N J-^,^. <w ' Susua (1920 > 1 : s member of b West 
nVSr^^'*» i!' Md area alone the norSerVboTdcr 

J^^SS* 1 ^- 2 5 .5 e ^Sw^c of che Susa people 
«wuwtloa V^t-sa-'ri^haaXnTlSc) : a wtuspcrma sound - murmur 

0830?. ^,£2; J £~ hU T' Wto P C » - A* SWARM] 

raatWj ^ 8 * ratIu, 8 sound — awrnl Vsar-ant. 
05*9): a civilian 2^^X^*»£ 

000 ' a ^oct'On o* «he*e precepts J : a discourse of the 

S S^J C fe*") !€ * ****/ t * V ff CSki wtf wile who performs suttee, lie good 

S2S3i« l?iC- , f e act . OC cust ? Tn of a Hindu widow willingly being 
A-*" f !i? ern, Pyrcof ber husband as an indication' ofbS 
de^ooo to k'Wobo r e woman cremated in this way 

A'su-charN n [MF A. L; MF. fr. L suium seam, suture, fr. jurux 
£?t\£e b? f^«HS! t scwl (1541) f are stitch rr^\Jhha 
suture o . a strand or fiber used to sew pons of the living body c 

d^a^i^tf^f**^" 1 " 5 2 « ; aonUingtf pt£ b 
or unhoT 7 ^W 1 * ^ ^ tWO or pans ar^ewed 

£ f ^2!l?,kA ° 2 th , e i^, 0 ^^ 1100 in immovable arrtculanoa (as 
mL^f?K^ b0 5 £S of the skull); aim : such an articulaSoTb: a fu7 
£onV&.T C,, °?£ SffSi^y P*rts; erp : . hnc of dehiscence 
i£L°£ * ..2 — a* 1 "™* .V*uch(-a)«al\ ad) _ sA.turaUy VnScVodv 

S ^^? 1 r V | lU l" <a " )r3rV r ■*^ 4n ^ n t F - fr - Cassuroed) MF siaerom. fr. MF 

°LlS2wi 2n!it m) < + " erom (bs ,n »woi" sovereign) — more at SUB. 
^S&JSf'V 1 - a superior feudal lord to whom Ktyfe due* 
vat^S2!?K^ : S »«• controlling the foreign rdaJons of" 

«^^fT-l i e fallowing " sovereign authority in its internal affairs 

cSSwJ v. rf? L the do ""*«on of* surerain : ovERLoaoSHlf 
s>eo<berg \ sfed-.barg. -,bcr-c\ n [The Sferf5e/Rl (1939) - a unit of r,w 

L'JSXZ? 0 ^ ^V 6 ^ te nure the sed^eSta^rT 
^?^l y ^il^ 0lkMd *} S0 ^ UL,o ° (a* of a protein) in an ultraoentrifuge 
ll^L"?r r ^ by substitution in an ea^'cT^ 

^SirfSS^ 0 * 2* fr » ft ' w/,a . f ^ of «««« to pluck out. modif. of 
I^aaSjL'Uri K ^ l ° P 1 "^ — moi « « VULNERABLE] (1517) 1 

-s^^a^V b elr^s ng n ^ n cs : SLEOt 2: uMake. suave 

^!ofng^^ili? W iy*.^ n ^ h JP 0Oti,tt ^ the novel 
u^^rh ^i ^yJS^ 8 ; dU (cm. 1945) : one who attempts 

t*»»h^vL3k! mronh0ns «° PWSuade or force another to do his bidding 

\IW) 1 ■ : M0^ er» : a yarn mop b (l) : a wad of absorbent 
SSSllS?- 22f nd f rom,d °« end if a small stick and^Led^riS 
fj^ n^aioon or for removing material from an area (2) : a snecv 

kSf^.^. B sw f b C J a 5 P° n ? or ctolh patch atudied to a Tom 

^^ki? 1 ^ ^ dcan ,bc °^ 1 nrea "« 2 °: a useless or cor^ 
temnQble person b: sailor, ooo 

TZi™ TL^^ 5 !!!^ « w »^* ilIR Cbadt-formation fr. j^oeber] (1719) l : to 
ItS^e ^ wVi^f ' « *"> -« ««U»'f with a swab 



swaddliit8 bmnd.fr . 0%: akm to *OE sworn«« to swa?M^ i . 
I aes^L^?^ t"***^ clothes b : ENrmii. swathe 5 

SW i dd " B « ok?** « P' (»5«) 1 : narrow strips of dnm wrapped 
arourrf an infant to restrict movement 2 : limitations or restrictions 
tmpn sed on I he unmstnre or inexperienced 

TSSai S2f f of Scand origin; akin to ON 

UlSSf 2? sa3 >; 10 to awin «] ^ 1 530) 1 

4w»g«'0660) 


pick ot personal belongmRs 

\W W n [ME. ornamental bordtr. U. MT so««el <ca 

liaSL w ^11°! ^ w ^ ?? d "**i°B a hammer or sledge 
%wjge rf swaged; swaa-urg (183!) : to shape by or as if by means of a 
swage 

S 2S«S2JL J lii!!t? ) L? p ^°?* ,( ? ,omsl-i«» or stod block with 
grooved B»de3 that » usee m heading bolls and swaging ban by band 

\Swag^r\ swagjp^jE nrag^ng V(S»)rin> (prob. fr. 
+ t -*l ^ " cnorter)) n 0590) 1: to eosdoct oneseff in an arro- 


*2S£Z iflillZ? \ rai#k < ld °V c»cga«« or showincss : rosH 
"swagger n (1879J J a : on act or instance of swunmnt b * »™. 

™ror concatedlv sdUssured behavior c To^S^ dUilZ 
bravado 2 : a self-confident outtock coociness aispiayor 

S 5n^wS?«-iif 8 ? ) 1 t 51 ^ 8tick «° co'crrd wi,h leather and 
by n^btoi? ofSecsV and,ntead « 1 fof carrying in the hand (as 

^eS^i^S^lJ^iSS Auar0t C,S79) • w AN0EREJt erp : o« 
wriocarnes a iwaa when travebeg 

^? li 1- 1 ; * mcmbcr 01 a B^ttHspeaking people of Zanobsr 

«wrf?vw l S n5, SSS f m of &ul Afeca and in the Congo reaET 
?w 1 V r >N " ^ E swe,n "fvant. fr, ON swiiMi; akin to OE rado 

SS\4^£la^SS^i n a *dm-tcr or suitor - swauvish \ W 

^f- SS1?Ap SiS" Pf °°- ° f Sc * nd «*ia w ON jwfr 

cooj. akin to OE swefan to burn — more at swelteaI (I5R4) • . 

1 !y^j^ d ^rr^arw often wet stretch of land J >- °^ 
•swaQow \Wl-Oo. -M-wK n [ME ro- 
ta**, fr. OE xweoiwer akin to OHC 

x irSJ^fSS*' Russ nigh tin. 

»* Jc J, toef.- 12c) 1 : any of numerous 
small locig-wmged passerine birds (family 
Hmmdimdac) chat are noted for their 
graceful flight and regular migrations, 
have a short raD with a wide gape, small 
weak feet, and often a deeply forked tail, 
occur in all parts of the world except New 
Zealand and polar regions, and Teed on 
utsects caught on the wing 2 : any of 
several swifts that superficially resemble 
swallows 

'swallow rbJME rwoWn. fr. OE swefran: 

1 vf (bef. 



swallow 1 


akin to OHG swetoan to swallow] „ 

2 - in «^^5S? gh thc < '7 H,th ^ d «ophagus into the stomach 
t;,^ i c " vci oP or take in as .f by swallowing : absorb 3 : to accept 
wuhcii ?^e^oa protest, or resentment an iosuiO <a hard stonTio 
; * : TAH Back, retract <had to ~ my words) 5 : to keep froni 

2KSf n ^ 0r showm « : <^ ^ anger) 6 : to 

words) ,ndistuictlv ~ vi 1 ; to receive something into the body 

t^i^o ** m ,? arf ^ "Ophagtis 2: to perform iL action TdSSl 
of^^wngsomethmg ess. under emotional stress — swaL 
lowjabto Vswal^p-bafNod; _ swaWow-er Vswal-a-war \ n 
V? 1 f w B "i. , ^ } . 1 : ^ Passage connecting the mouth to the stomach 
- a capacrty for swallowing 3 a : an act of swallowing b : aa 
amount that can be swallowed at one time 4 : an aperture in a block 
c^uli'SiflT 001 . 1 ^ an^.trwuc through whichthe rope reeves 

ZziStf^y*** 1 '?:^ t*> n C,705) 1 ; a deeply forked and taper- 
S«iiif $ - < ? asw i ,< T\ 2 -V TA ' LC £ AT 3 ' any oTvarious large buMcr- 
fhes (esp. genus Aipiho) with the bind wing produced into a process 
resembling a tail — swoMc^tailed Vwal-^ifild. <*\ad? P 

ow&T^o^^ • v * 5>ris n Pr tbc W °* lhe 

swnm past o/swivt 

swa^u Vswam*e\ n [Hindi swimC Tr. Skt svdm/n owner, lord. Tr sia 
one sown — more at swaOEl (1 893) l : a Hindu ascetic or religious 
leacner. Specif : a senior member of a religious order — used as a title 
1 : one that resembles or emulates a swarru : PUNDrr. seer 
5 ^™*} S J£Z* Vw6rnp\ n (alter, of ME sompc fr. MO samp morass: 
™ ,^? G man5h « Ck ^ornprW spongy) (1624) I : wet 

spongy land saturated and sometimes partiai!y or intermittently cov- 
ered with water 2: a tract of swamp — swamp adj 

7^LX l J\PV 1 *2M m * il P <" ** if • rNUNOATE 

subm^ce b ; to overwhelm nummcaily or by an excess of something 

A%5? J:~~ ed . ^ Work> . 2 : t0 °P cn °y removing underbrush and 
ocoTis ^ v< : to become submerged 

swamp buggv n (1941) ; a vehicle used to negotiate swampy terrain: as 
a : an amphibious tractor b : a flat-bottomed boat driven by an air. 
ptan e propeller 

SW J5T er HwbmA n (1735) 1 a : an inhabitant at 

swamps or lowlands b : one familiar with swampy terrain 2 : i 
general assistant : Handyman, helper 


gamor su perilously pompous manner, exp : to walk with on air of 
o^rbeanng sdf^onfidencc 2 : ooast. bkaC ^ w : to force by argu- 


swampOand V,pla«d\/i<1663): swamp I 
swampy Vswam pe. 'swdm-V adj swamp4-er; -est (1649) : comisung of 
or resembling swamp : phaRSHy — swamp-Mt ess n 

•swan \"swan\ n. pi swans (ME. fr. OE; akin to MHG sw«ii. L son^ 
souna — more at SOUKDj (bet 1 2c) 1 pi aim swan : any of various 
bcavy.bodied long-necked mostly pure white aquatic birds (familr 
Ajiamdae) that are related to but larger than the geese, walk awk- 
wardly, fry strongly when once star led. and are graceful swimmers 2 
Cygnus rcaetl or 11 "kened to a swan 3 cop : the const dial ion 

>mn vi swanned^ swan-oing (ca. 1 940) : to wander aim lesslv ; oallv 
J swan w swmsoed; swan-eaag [perh. euphemism for swear] dial (1784) 
; declare, swear * - ' 

*Vl?ri^ 112?^ : a ] lc ^ dive executed with the bead back, back 

0mi v t^^S ^ 55« ms the lver?mers ilTwT 

» swing] Scot (1773) : full of hfe or energy : active 
'swank Iperh. fr. MHG swoaJbea to sway; akin to MD swonc supclrl 

(ca. 1 809) : show off, swagger 
^•aak or swanky Vswan-kc\ adj swank ^r or swansU-en -est (ca. 1 MZ) 

l • enmrart croed by showy display : ostentatious <a limousine) 7 

: fasfaiombjy elegant : smart <a ~ restaurant) — swank* My Vka-to 

odv — swamc*i4iess \-ko-«3s\ a 

*swank n (ca. 1854) 1 ; arrogance or ostenuuoo of dress or 

: MtE7t>rnOVSKESS> SWAGGER 2: ELEGANCE 


r 
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^5£.. ^JSt 0 * 1 "- to MHG pu*h)(13c> 1 a • a lie hi 

rhythmic audible tap or beat: ota r a «rieiof such lick* b thit/tv iS 
: the tune taken by the lick of a dock : moment 2 • a *«Sj/?2.fl2f 
mark; e«> : one used to direct attention to^ometha,i;,o check anllS 
™ a J? r*pr««nt » point cn a scale an ,tcm 

•Oct « It 721) I': to make I be sound of a tick or a sens of ti^w * 
= ;°, r Q P £ j l tc , M * functioning mechanism : Metric* to underSind 

{Sf^btfe • «* account 


. wuwtu wim i wo oc mare colors 
ipcked art jiicfc omCca, 1959): angry, uret 

ma^K iL' * WraP«c rwviog instrumenl thai autcS 

^bb^^^r <« stock or new,,™'* 

^Xs^ 0 &o n he papcr ribbo * °° ' 

■o^h?n.^\^ 0b * F ^ notice attached to 

sttCK. akin to OHG suefcen to pnek — more at sncxl (1529) i «. , 
document that serve as a ccrSficate. ticenL or^rmi -2 . a " ^ 
tier s or airman^ eertificate b : tag. la an. 2 a certiriLte^r 
token showing that a fare or admission fee has been paid " i^Lr^ 
?I a 52 3 f °5 Dassa «? ^"cation *» «he -~ to a good job) 3 - a fisTol 
ahtffi?/ 0 ' ^ n »*»or ejection : slate 4 " °d£ 7m£i or ctai? 
able thing (cooperation, that s the IC H TromUev) 5- 7+U*nr 

savm^deposit -> 6 : a summons or warning issued to a traffic-law 

'^IS:!^! : ^ SSS-SSi. or theater 

^Sgitr and cnl^tabS^tickS * ' ° f bUS 2 
„"t™? n ^**\ ; an om<x a transportation company, theatrical 
SSSSSnSd; ° r >&™y "here tfck^Tare sold aS 

tkkeMrf-leate Vlik-*t-o(v)-'|cv\ «. p f tickets-oMeaye (1732) • a li 
^°; n ^^ormerly given i «h/unitS Kn^orSUdVhe British* 
£2SrfI l J?2ii tO 2- C0onct undEf imprisonment to go at large and to 

fid? f US « {2* t0 Cemhl 3p « ific coitions 8 8 t0 

Mnf.nr^J . 5 ; TtXAS 2 : a febrile disease (as Rocky 

Mountain spotted lever) transmuted by the bites of tkks^ 

^5i>ir 9V -JP«tl (1649) : a SJong linS or wton fabric used 
JUdftffliWrf cohering for ..mattress or pillow C 

or on 

SyK^ Y ho ^ * or prtcktiog sensation 

yny oacx — V 2 . to excite the sorCacc nerves to pncklc — vt 1 a 
: to eaate or si, r up agreeably : please (music . . /does rn ore than ~ 
our sense of rhyihm -Edward Sapir) b: to provokTw^ R bl« w 

£rTE£l : A "FZSr? c tiekJtd *T the clowniaxUics> 2 : U lo b o^ch 
SLf^^ b « tll, y » as to excite the surface nerves and <2use 

I^SlSlJJa, rlekles" "* ° f tfefcBnB 2 : 3 tick,in * 3 
^^il ^^"N « (»680> 1 : a person or device I hat tickles 2 • a 
a^JSySS?! 2? ™*~TnH*4f* * nicihai serv«as a Verninoe; 

ol ^ e^m n ^ : ^*^l^ K,rf , i, L Seri€S ^ <hc plaiecircuit 
? u « . 5?* ^ '™*V«tivdv coupled vriih its grid arcuit to re- 

« ° »V 1 (<a l91 " 1 1 "MIIMANO. REBUKE father 

JPP - „, a 

chadren lo tap on a window from a distance 


1 : a ticking or 


ttri, * " H 1 — * ? ptfeAJXca. 1 3o2) : coreopsis 

^ SLftl* Y^ .^ " t«tapl. of reek] (1 549) 

^ b f.ii fl ^ ,bM ^ 8 ^ or ^ alch ^ : ■ contrivance^ by 
aren lo tap on a window from a distance ^ 

C tl^ k t COC ffZjo tte-tatMoe Vtik^tak.-toX n [l/c-taoioe (former came in 
wh»ch players wUh eyes shut brought . rlencil do^^^crrSked 

^ S^eTslTter^^ 1 8<k>) : a game in^nkh 

for°nK * 7 £ .il!T^! dy . P« X» »«d Os m compartments of . a figure 
^TfrJlT IWO ^ ncs crosswa two hbritorrtal lines and each 

riiki^iS. r ?^ of I^T ^ °/" A"* °? M <» the or>poneT,t doo 
{S'SM^Snl&i'fft^ thetiekw/lo^ofa^lock . 

ISfgSu or teJEStT" 0 ' trRCth0UJCS a & 

'tfcky-larky oiso Ciefcy-teclt od/ (1964) I : of an uninspired or mottot- 
onota sameaess 2: Taocv 3 : built of ticky.taclcy 

SfS„ri3^?2 ( , Boston) b : penodicajfy rising and falfiog or 
2«i «?^^ bb *% 8 <- " w ? tCT3> 2 . : <teP«d«it (as ro the rime oP ar- 
"^arfv } ^ ,bc ** lht tid ^.< a «camcr> - fid-aWy 
rto^we n (1830) 1 a: an unusually high sea wave that sometimes 
follows an earthquake b : an unusual riseof water alongshorTdo^to 


tick • tieback 1233 

strong winds 2 : somelhins ovcrw homing (as a mepinx maioriiv 

vote or an irratsitble tmpulsel . iwjoniy 

t»bir V*tid % bilV n [perb. fr. tit- (as in oVmousc) + 6tr] (1640) I • a 

ch^raoreelof food 2 : a choice or pleasing bit (as citVews) * 
rid<lh>dy.wiDks or tid-dly-winks X'Hd-t-JdS ^rKk^wSTin/fcVv . 

pi T b«r ring in c-niirfprob. fr. E dial rWa^«7ef(l«9fl^ ? a^nJwhose 
iSSi^Sv 10 ^tf*"*U<t>*ks1rom a Rat surface Into a small corner 

to Ol vide] (bei 12c) 1 . ofa : a space ol time : pe«joo b • a^ or 

SSK?:? l,m L ! ° fr0 * TLWTY c cr^e^sricaJ Mmversarv 
estiyal; alu> : ,ts season - usu. used in combination ^Easter/We) 2 i 

wi.U w 1 "? 316 T?" 8 ^ d _ fa l Un S 01 ,be surf0 <« of th^occS ^ anrJ of 
water bodies (as gulfs and bays) connected with the wantfcrt occu« 
usu. lunce a day and is caused by the gravitational I a ttruc^o™ tnl^S 
and moon occBrri^ uneoually on different parts of th?Sr\h (3)^ a 
less marked npng and fallmg of an inland body of water (3) ■ * nei£ 
odic raovcmenl rn the earth's crust caused by the sarne fona Vhai ^ 
ocean tides (4) : ,. tidal dittorti^o^on? 3?UUbSd?1iffi 
by the gravitational attraction of another (S) : one of ^dil rnrSS 

bT^v?^^^^. reSemhHn * 01 «he^n and «rXced 
b» gravitation or dturnal temperature changes — called ako^S 

Pfif of the sea (the - of public opinion) 5 a : a flowing stream 
l^^lS^J^"™ c: ^overflow 01^235 
"«g ^(1593) 
twde op. in navigatms a ship into or out of an an- 

r s» P^J tt# » * a _ — . _ ^ _ n < . « 


-tide Tb tid-ed; tiding 
: to drift with the tw 



1 : to flow as or in a tide 
. . — — r" — *» navigating a ship into or ou, v . Jl , ^, ir - 

Sf^' ^ arb0r ' 2: H^L 1 r lo toHoat with or as ff w, h 

the tide It to proceed , along (one's way) by taking advantage of tides 

^^oc^S l ¥ E » ^ OE ffdaV akin to ^ rScn to w 

come. OE tfd lime] orcnoic (bef. 1 2c) : oetioe. iefall * ' 

tia^ V , Ud U ,and ^ l ^ dV \ U 8Q2) 1 : oTeXwed during flood 
t.de 2 : land unoerrying the ocean and lying beyond the low^waSr 

onenuL^in^ ^ ^ ,hc ^ oU^ 

tidwnark Umark\ n (1799) I a : a high-i^iter or som*Him<^ 
water mark left by tidal water or a flood t: a^nart ?pi33 TtrTindica^ 

w , 5eE C i n h t .ci^K^ 0, l0 f wh i ch «»n«*Wn« has attained oT&Zw 
which it has receded (the ~* of tolerance has risen — New Reouhh'^ 

or ^diffi. 
of the tide a, one 

£Zr£L V X<?^ '*"'\n (177Z) i : wicr overflowing land at 

JlrWnVvvV^ 1 9air. 8) r : "fuatind m which the tide runs 
SSF«\~«2 X n [ME * fr i PE 'Wung, fr. infcn to betide} (bcf. 12c) : a 
pmce of news — usu. used in pi. (good -~s> 

«^l£if V s a *" 2?! [ME - rime| y- w 80od condition. Tr. cede 

'WB^il%S^ lfmi ?\^ li r ^ 21 ^^<dy satisfactory 
. acccttablE. FAia <a solution to lh«r problem) 3 a ♦ neal and 

^^nrf^^ocarance or habits : wcli ordered onj cared ?or b 
MET1IOWCAU PRECISE <a ^ mind) 4 .* LAROE. SUBSTANTIAL <a ~ 

a room) »w «' 

^^S^**^ r82 «> 1 : => nxeptacTe for sewing materials or odds 
EtE?t „rl Z J o^ °f fo ~y^ork used to protect the back. armsTor 
headrest of a chair or sofa from wear or soil 

n^eads^often?^ ycllow^ycd 

pull — more at tow] (bet 12c) I a : a line, ribbon, or cord used for 

zetit r - ^L^T^li^J 1 rod * ,ron) hpjdmg two pieces to- , 

y^^JS^JS^St* 0 ^ oonstruction (2) : one of the trans- xi 
I er ^* u PP ortl to which railroad rails arc fastened to keep them in line 2L*~ 
2 : something tbai serve o& a connecting link: as 9 ! 7h^ Q T^\ t\ 
^ °"n t0 wmcone J or »r thifl « W^'y comtrtutineTre^rajnmg J 
SSS fT? ^ d . uly * • a or^nd of kirabip or afciion 3 a 
TJX?. ™ Jom i ,wo ""J 5 ^ 1 of the same pitch to denote a 
angle lone sustained through the time value of the two 4* ■ - an 
eoualuy ,n number (as of votes or scores) b : equality in a conic!? 
feiJ/T 0 ^^ 5 i° 8 d P w S 8 ^hod'or style of JSgS 
aTT- LrLv.fT 64 ^? 8 k C 0,led knotted when worn: 

} ?? • L!?F < 2?3 K b J * lowr hMed shoe : oxford — tic-less VlasV adi \ y 
5?^^ , 3 Mn « or rie*ingw (bef. 12c) 1 a : Xot££t, attach J^" 

e: to moke by tying constituent eicmenis <rtof . wreath) <~ . fiSng 
f/L,.!,^ ° plaCC «■ Wiih in relationship : cdnwbct b: touoill 
svsT^ffSL.^nnL un a ,lc J 01 ^^. ootcs) by a tie d ; to join (power 
222^^JS wUiy 3 : io ^0»n independence or freedom of 

fn^To^wSff : CO ? stTai, J,^ or ** « f by autncrily, inrtuencc. agree! 
m«t. or Obligation 4 a (I) : to make or have an equal score wit hS 
a contest (2}: to eaualia (the score) in a game orbontest (3) o 
t^iS^^ 0 ^^ b: to providc^oOer^nSh^ 
h - f ?^t™ : 'o.o«keatieras a: to make a bond or COr^ecJicm 
b: to make an eeraal score c : io become attached d : to close br 
Sdr^snk 3 t^^L 'SSJ ? • Ita ? ^or - tie one cnrton^l % 
fet married"" ° pcrfo,TO 3 ^^age ceremony; nS : to 

h ^^.kk\ n 0926) I : a decorative strip or device of doth, 
cord, or metal for draping a curtain to the side of a window 2 • a 
curtain with a Iteback — usu. used in pi. " a 

VAabat \\kUten. F table \arV hmher \a> ash \a\aoc ^\coi. cart 
Van\ool \ch\chm \*\bet \e\easy \g\go V\hii V\te \j\job 
\0\smg \6\go \6\law \6i\ bmy \to\thm \lh\tbe \Q\ioot \u\foot 
\y\yet \zh\ vision \a. 02. S. ». £. *\* e Guide to Pronunciation 







SUTURE ANCHORS 


ARTHR#TEK 

AN INTEGRAL PART CF BIOMETS WORLDWOE TEAM 


Old 
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ne Step Anchor Insertion 


o Direct impaction into bone: 
Collared Harpoon 

© Impaction through soft tissue: 
Collarkss Harpoon 

o Soft tissue fixajion^when size and space are 
limitations: Mini Harpoon 

o Ability to customize your suture anchor 
Limited Realisable Harpoon Handle 

* Surface capture in osteoporotic bone: 
Cancellous Umbrella Harpoon 

© Collared, Collarless, and Mini Harpoons 
come pre-assembled with a disposable driver, 
sutures, and needles, saving valuable set-up 
time to enchance surgical efficiency. 

• Driver shaft designed to work in open 
and arthroscopic procedures to 
meet all surgical needs. 

Suture slides through 
eyelet; aiding knot 
tying, especially 
arthroscopically. 


» 4.4mm stainless steel tip compresses upon 
impaction to 3.2mm. When the anchor is 
fully seated, the wings on the Harpoon 
anchor expand back out to 4.4mm into less 
dense cancellous bone providing rotational 
stability and resisting pull-out forces. 




A. J 


CoHared Harpoon 

• Impaction to the collar seats the anchor 
10-1 2 mm below the surface of the patient's 
cortical bone. 


CoBIarBess Harpoon 

• Surgeon impacts anchor directly through 
the soft tissue, eliminating the need for 
suture passers. 

• Shaft on Collarless Harpoon calibrated for 
anchor depth on insertion. 


U 6 
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soft r/ssuE a/vc:hor system 
We've Got Your Suture Anchor Needs Covered 



301 bs.— Breaking 
Point of #2 Suture 


No pre-drilling! 

Advantage Harpoon 

No insfru mentation! 

Advantage Harpoon 

No special inserters! 

Advantage Harpoon 

No searching for drill holes! 

Advantage Harpoon 

Unlimited Options 


*8Zl-e0fr 939 


jewojsno p9n|BA d6£:go 90 €0 Bny 


Surgical Technique for Standard Harpoon 

Preparation 

Prepare the bony bed. Take care not to remove all of the cortical bone. 

Step ©ft@ 

Place the anchor perpendicular to the location on the bone where the anchor 
will be implanted. Gently tap the end of the handle until driver collar is seated 
on the cortical bone. 
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Step Two 

Disassemble the handle 
by holding the lower 
section of the handle 
while unscrewing the 
upper section.* 



Take the foam insert out 
of the driver handle and 
pull the driver straight 
out, leavi ng sutures 
"exmrijffrom the bone. * 


Step Four 

Apply gentle tension to 
the sutures to ensure the 
Harpoon is properly 
seated. 




•Do not twist rie driver sJiq/t once the onehor is inserted into bone since this eon damage suture*. 

Anhrotek, as the manufacturer of this device, does not practice medicine and does not recommend this <™£*% 
surgical technique for use on a specific patient. The surgeon who performs any procedure xseesponsMefbr determwrng 
2 appropriate techniquesfor such procedure for each individual pooenc Arthmek « no. respons.WeJbr 
selection of the appropriate surgical technique to be utilized for an individual pooem. 
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■Harpoon 

• Great things come in small packages! Anchor 
has superior pull-out strengths proving that 
the design rationale, not the size, is the factor 
that needs to be considered. 

• Available for wrist/shoulder applications. 




Limited Reusable Handle 

Utilized by surgeons tha t desire to load their 
own sutures and needles. 


Cancellous 
Umbrella Harpoon 1 

» 4.4mm tip is mechanically opened to 10mm 
• providing surface capture in osteoporatic 
cancellous bone. 
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Ordering Information 


Collarless Harpoon 


902920 


#2 Suture 


Calibrated Needle 


902905 


Mini-Harpoon - Short Shaft 


902922 
902923 


#1-0 Suture 
#2-0 Suture 


Collared Harpoon 


902928 
902929 
902939 
902959 


#1 Suture 
#2 Suture 
#2 Suture (x2) 
#5 Suture 


Limited Reusable 
Harpoon Handle 


902900 


Umbrella Cancellous Harpoon 


902998 
902999 


Handle 

#2 Suture (pkg. 5) 


Mini-Harpoon Step Drill 


902903 
902904 


1.6mm 
1.8mm 


Mini-Harpoon - Long Shaft Limited Reusable Driver Shaft 


902933 
902934 


#1-0 Suture 
#1-0 Suture 


902902 


Sutureless Harpoon Tip 


902913 


#2 Suture 


Arthwtck and Harpoon are registered 
trademarks o/Arthrotek, Inc. 

Umbrella Harpoon is a trademark of 
Artbrotek, Inc. 

US. Patent No. 5,537,432 

1. Barber, Alan F; Strength of Sutures >J 
a nd Suture Anch orsTUpddlE 1 997 . 
Presented at the San Diego Shoulder 
Arthroscopy Course, San Diego, 
California, June 1 997. 
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Arthroscopic Rotator Cuff Repair Technique 



After completing a thorough glenohumeral 
arthroscopic examination, the arthroscope is 
inserted into the subacromial bursa via the 
posterior portal [Figure I]. 


The rotator cuff tear is evaluated 
:hroscopically. Erosion on the 
inferior and anterior aspect of 
the acromion and acromial spurs 
is identified [Figure 2] . 



A lateral portal is created in line with the anterior 
acromion and approximately 3 cm lateral to the 
acromion. Using a spinal needle to locate the portal 
and line it up correctly with the anterior acromion 
is helpful [Figure 3] . 



A shaver is inserted through the lateral portal and the thickened 
periosteum from the anterior 5mm of the acromion is debrided 
[Figure 4]. 

Using a burr, the anterior 5mm of the acromion is resected from 
lateral to medial. This step releases the coracoacromial ligament 
without excessive bleeding. Alternatively, an electrocautery may be 
used to release the ligament [Figure 5). 


The rotator cuff tear is 
debrided back to good 
repairable tissue using 
a combination of 
arthroscopic punches 
and soft tissue shavers 
[Figure 6). 
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The arthroscope is ihen switched to the lateral portal and a soft 
tissue shaver is inserted via the posterior portal [Figwc 7). 

An excellent view of the rotator cuff tear and the morphology 
of the undersurface of the acromion is seen from the lateral 
portal. The periosteum on the inferior aspect of the 
acromion is debrided [Figure 8) . 

A burr is placed in the posterior portal and 
positioned so that the burr tip is at the deepest 
point of the concavity of the acromion and the 
shank rests on the posterior point of the 
acromion [Figure 91. 

By sweeping the burr back and forth (medially 
and laterally) and advancing anteriorly, the 
anterior acromiotji is flattened to the shape of 
a Type I acromion. 


f igure 9 




Figure S 


/ 


The burr is next used to cut a rough 
trough just medial to the greater tuber- 
osity and adjacent to the articular margin 
to prepare a bed for healing of the rotator 
cuff [Figure 10] . Alternatively and at the 
surgeon's discretion, the periosteum can be resected leaving the 
cortex intact so as to provide stronger fixation 
for the Harpoon® anchors [Figure 1 1 ) . 

The arthroscope is switched back to the posterior portal and a 
Harpoon anchor is inserted th rough 
the lateral portal [Figure 12]. 

Jhe Harpoon is inserted into the bo ne and the 
inserter removed I Figure 13] 
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Cut the needles from the suture to use the _$uture 
Punch. N ext, put a clamp on one leg of the suture 
and put the other leg of the suture through the 
groove in the front of the Suture Punch. Note: The 
Suture Punch must be completely closed when 
loading the suture on the punch or the punch 
will not work properly. Looking at the suture, it 
will be in the groove in front of the needle on the 
Suture Punch [Figure 141. 



Open the Suture Punch, keeping tension on the suture, pun ch throughl ^s. 
the tissue and release tension from the suture. You will notice the positive \ 
tactile feeling or "snap." While opening the Suture Punch, it is best to \ 
gently push forward so as not to catch the needle on any tissue {Figure 15] . I 
The second arm of the suture is placed in the cuff with the Suture Punch J 
thus creating a mattress suture [Figure 16L *S 

This will leave the soft tissue 
sJ ready to be fixated to the bone 
'and the legs of the suture exitin 
the cannula [Figxirc 17]. . 


•I • . ' . • ; . 
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Throw a simple overhand knot. With the tension on the 
suture, hook one eyelet of the Nordt™ Knot Tightener to 
one leg of the suture and slide down to the knot [Figure 
18] . Next engage the second limb of the suture. 

Advan ce the kn ot down to 
the(sutured tissuej The 
Knot may be "teased" by 
^ gently spreading the arms 
S^^J^T of the Knot Tightener if 
■ *$ybJ^^ the knot kinks or meets 
J^<y^[jJL resistance [Rgune 19]. 

Open the arms of the 
Knot Tightener to cinch 

the knot [Figure 20) . Repeal the procedure using 
a second overhand knot in the same direction, 
working the double hitch down by spreading 
the arms and teasing the knot until flat. 
Repeat the procedure with 
several alternating overhand 
knots {Figure 21]. 

Subsequent anchors and sutures 
are placed as required to close the 
cuff (Figures 22 & 23]. 



Figure 18 
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Ordering Information 


Suture Punch 

90.1070. Standard - Straight 

902070 Mini - Straight 

902071 Mini -Left 

902072 Mini - Right 

902073 Mini-l5 r Up 

Nordt™ Knot Tightener 


901477 

Col lared Harpoon" 

902928 #1 Suture 

902929 #2 Suture 
902939 Double #2 Suture 
902959 #5 Suture 




Suture Punch developed in conjunction with Richard B. Caspari, M.D. 
Nordt Knot Tightener developed in conjunction with William E. Nordt, M.D. 
U.S. Patent No. 5,522,820 

Arthrotck. as the manufacturer of this device, does not practice medicine and does not recommend ^oranj 
oiher surgical technique for use on a specific patient. The surgeon who performs .any procedure is «P«^°' 
determining and uuhzing the appropriate techniques for such procedure for each "^^Ijf^^ 10 ^ * 
not responsible for selection of the appropriate surgical technique to be utilized for an ,nd.v,dual pattern. 

Nordt is a trademark of Biomet, Inc. 

Harpoon is a registered trademark of Biomec, Inc. 


ARTHR0TEK 

AN MTEGRAL PAW OF BOMB'S ViOULOWDt TEAM 

Arthrotek, Inc. RO. Box 587 Warsaw, JN 46581-0587 ©1997 Arthrotek, Inc. All Rights Reserved 
web site: www. arthrotek.com • eMail: arthrotek@arthrotek.com 
Y-BMT-509R/01 1598/M 
1.800.348.9500 
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Plastic/Orthopedic 



Mitek 2.0 mm 
Tacit" Threaded Anchor 


Surgical Technique: 


Scapholunate 
Surgical 
# Technique 
- Using the Mitek 

2.0 mm Tacit™ 
«S. . Threaded Anchor 


6y tt^/ter H. Short, M.D. 
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e Surgical Technique 

0 mm Tacit 1 Threaded Anchor 


Complete tears of the scapholunate interosseous ligament (SLIL) can lead to instability of the 
carpus. This injury most commonly occurs by longitudinal force on the outstretched hand. Patients 
present in che office with pain, swelling and occasional clicking within the wrist. On physical examina- 
tion, there is usually a swelling over the dorsum of the wrist. Palpation of the wrist reveals pain that 
is centered over the scapholunate interval, which is distal and slighdy ulnar to Lister's tubercle. If 
these symptoms persist, chen an evaluation is warranted. Plain x-rays and wrist motion studies may 
either be normal or show a dorsal intercalated segment instability partem. Anocher finding on the 
x-ray may be an abnormal gap between the scaphoid and lunate. Triple compartment arthrograms 
in many cases may confirm the clinicians suspicion that there is a tear of the SUL. Diagnostic 
arthroscopy of the radial carpal joint can confirm a tear of the SLIL. This tear typically is seen as a 
detachment of che ligament from its insertion into the scaphoid. Arthroscopic assessment should 
also confirm that the ligament can be repaired. Midcarpal arthroscopy can assess the degree of insta- 
bility between the scaphoid and lunate. Surgical repair is indicated when clinical symptoms persist 
in spite of immobilization and activity modification, and workup of this problem reveals a 
repairable tear of the scapholunate ligament. Other causes of wrist pain should be ruled out. 

One method of surgical repair of this lesion is to suture the SLIL back to che bone by means 
of drill holes placed through che scaphoid, as well as doing a dorsal capsulodesis co the scaphoid by 
using pull-out wires. These surgical procedures have been described by Blacr 1 and Lavernia et al. s This 
operation can be facilitated by the use of the Mitek 2.0 mm Tacit Threaded Anchors. 

Su rgical Procedure 

A 6-8 cm longitudinal incision is made over the dorsal aspect of the wrist. This incision is 
centered over the Listers tubercle (Figure 1). The subcutaneous veins are coagulated. The extensor 
retinaculum is chen identified and che third dorsal compartment is located. An incision is made 
through che extensor retinaculum and is chen reflected radially and ulnarward. The extensor ten- 
dons are then retracted, exposing che dorsal capsule of the wrisc The wrist is then flexed and the 
scaphoid, lunate and scapholunate interval can be palpated. Two longitudinal incisions are made in 
the dorsal capsule approximately 1 an apart, centered over che central portion of the scaphoid. 
These incisions are connected distaily at the level of the distal pole of the scaphoid. This creates a 
proximally based capsular flap that will be used for che dorsal capsulodesis portion of che procedure 
(Figure 2). The dorsal wrist capsule ulnar to this flap is carefully dissected and separated from the 
SLIL. When this pordon of the procedure is complete, the dorsal aspect of the scaphoid and lunate 
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should be well visualized and the corn SLIL should also be seen. In the majority of cases, the 
ligament remains attached to the lunate and is avulsed from the scaphoid. Two .062 in. K- wires are 
then inserted from dorsal to volar, one into the scaphoid and the other into the lunate. These then 
act as joysticks to manipulate the scaphoid and lunate. A C-arm is then brought into the surgical 
field and under fluoroscopic control, two .045 in. K-wires arc inserted pcrcutaneousry through the 
anatomic snuffbox. The K-wires are then drilled through the scaphoid and directed so as to pass 
through the scnpholunatc joint and into the lunate. These K-wires are left in the subchondral bone 
underneath che articular surface of the scaphoid at the scapholunatc joint. A third 
.045 in. K-wirc is inserted through the snuffbox, but directed through the scaphoid toward the 
body of the capitate. At this point in the procedure, this K-wire is left in the scaphoid and should 
not traverse the scaphocapitate joint (Figure 3), 

Ac this juncture, the wrist is flexed and the scapholunace joint distracted by use of che 
joysticks. The insertion of the SLIL where it was avulsed from the scaphoid is debrided to 
subchondral bone. Three drill holes ar e made into the prepared sice on the scaphoid with che 
Mitek 1.7 mm anchor drill. These drill holes are placed so that one is in the dorsal aspect of the 
scaphoid, one is in the midportion of the ligament and the third is in the volar portion of che 
ligament (figure 4). The anchor is then prepared and a 3-0 PDS® suture is placed on the anchor. 
The 2.0 mm Tacit 1 *' Threaded Anchor is then inserted into the prepared drill hole in the scaphoid 
^ (Figure 5), The sutures are placed through the ligament by the use of free needles. T he sutures are^^" 
positioned so that the knots are on che proximal surface of the ligament. After the sutures are 
placed, the wrist is extended ro neutral (Figure 6). Under fluoroscopic control, the scapholunace 
interval is reduced and che two K-wires are passed across the scapholunace joint into che lunate. 
Fluoroscopy should confirm that there is no gap between the scaphoid and lunate, no malrotation 
between the two carpal bones and the anchors are positioned appropriately. The wrist is then 
flexed and sutures in the SLIL are then tied so as to appose che ligament to the subchondral 
prepared bone of the scaphoid (Figure 7), The C-arm is then used and the position of the 
scaphoid is reduced by means of the joysticks, so that a normal relationship between the scaphoid, 
lunate, radius and capitate is maintained. When this is confirmed on the C-arm , the third 
K-wire, which was previously inserted, is advanced across the scaphocapitate joint into the 
capitate. Further fluoroscopic views should confirm that normal anatomic relationships have 
been restored and chat the K-wires are appropriately placed. The .062 in. K-wires chat were used 
for joysticks are then removed. 
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Figure 8 



Figure 9 



Another Mitek 2.0 mm Tacit~ Threaded Anchor is prepared using 3-0 PDS* suture. ThL 
anchor is placed in the distal dorsal aspect of the scaphoid just proximal to die distal pole of the 
scaphoid (Figure 8). The suture is then passed through the previously prepared dorsal capsular flap. 
The suture is placed so that when the capsular flap is brought down to the insertion site of the 
anchor, it is taut. The suture is then tied thus creating a capsulodesis, as described by Blatt' (Figure 9) 
The remaining dorsal capsule is then closed with nonabsorbable sutures. The extensor retinaculum is 
then repaired back to itself using absorbable sutures. The tendon of the extensor pollicus longus is left 
out of the extensor retinaculum to facilitate closure of this structure. The subcutaneous tissue is then 
closed and the skin is dosed following this. The K-wircs that were used to hold the position of the 
carpal bones are then cut and left protruding through the skin. At the end of this procedure, a 
sugartong splint is applied. 

Approximately one week after the procedure, the patient is brought back to the office, the 
sutures are removed and the patienr is placed in a thumb spica muenster cast. This cast is left on for 
three weeks. The cast is then changed to a short arm thumb spica cast. The patient is kept casted for 
a period of eight weeks from the time of surgery. At the end of this immobilization period, the 
patient is sent to physical therapy for a progressive rehabilitation program that initially includes 
active exercises and then gradually progresses to passive and resistive exercises and strengthening. 

References: 

1 . Blatt G. Capsulodesis in reconstructive hand surgery: dorsal capsulodesis for the unstable scaphoid 
and volar capsulodesis following excision of the distal ulna. HatidClinux 3:81-102, 1987. 

2. Lavernia CJ. Cohen MS, Taleisnik J. Treatment of scapholunatc dissociation by ligament repair 
and capsulodesis. J Hand Surg. 17 (2) : 354-9. 1992. 
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Mitek Surgical Products, Inc. • 60 Glacier Drive • Westwood, Massachusetts 02090 
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© 1 99£ Mitek Sarrnszi Pmdaas. Inc. . a division afEthicun. inc. a Jobnsov & Johnson cvmtxurr. 


jawojsno pan|BA dg^SO 90 E0 6n V 


AUG-03-2008(THJ) 15:10 Health Arcadia (FAX) 626^ 1701 ?.mm\ 

JUL-2 S-20O6 tTUE] 08:35 Real thSciutfc Arcadi a (FAX) 626 1 1 S 1701 P. 001 


Transaction Report 

• 


Seod 

Transact i on(c) completed 



No. TX Date/Tine Destination 

Durat i on P.J 

Result- Made 

S94 JQl-Z* 08 35 620 403 1 7 B 4 

0*0D' 10' 001 

OK N liCW 


dictated S^ZS5S^ ""Jf'^rtoa arc sure this as «. ovw^to a»d if you havfleecnuT 
Jlaalryou. 

ffmalthjotith Artfldia Outpatient Surfic*> 

"~ 2)/c//9t4^ 



2. 

3. 
4. 


7. 

■ 

u. 

10. 

u. 
Ji. 

13. 


Hca» ttU thtw In to Medi-STAT dlctcLion service iheix numbers are beta*. 

"•OMaa-UW. ° r BS«-793.S604 Thaiik yau for your cooperation 


Tel fia6^j^n 
Pox 626-^5-1701 

S5^^ CO*F20e»TXau IMPOSITION I WTGNDEraf OR 


jewojsno P 8n l B A 


dgfrSO 90 £0 6nv 


This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

BLACK BORDERS 

IMAGE CUT OFF AT TOP, BOTTOM OR SD3ES 
FADED TEXT OR DRAWING 
BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



